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As the global economy is increasingly knowledge-based, knowledge has 
become the most strategically important resource within a firm. Due to its non-
excludable nature, however, knowledge is prone to leakage and imitation. For 
better value appropriation, firms seek legal protection for their proprietary 
knowledge by obtaining intellectual property rights (IPR) in various forms, 
including patents, trademarks, and copyrights. In recent decades, intellectual 
property management (IPM) has become an emerging research field which 
attracted attention from scholars of many research areas. However, the IPM 
research field is still characterized as fragmented and lacks clarity in its research 
trajectories. Therefore, the main focus of this thesis is to provide an overview 
of IPM research and to address some of the limitations in existing IPM studies. 
In my first essay, I conduct a bibliometric analysis and literature review 
covering more than 700 articles published during 1980-2012. Results from 
citation and co-citation analysis indicate that IPM is a fast-growing research 
field with theoretical roots in law, economics, and strategic management. For 
firms competing in technology-intensive industries, patent is the most 
commonly used IPR as it provides the focal firm with exclusive rights over 
inventions that meet the patentability standards in novelty, usefulness and non-
obviousness. Studies on firms’ patent strategies have focused on firms’ patent-
related activities in three domains: patent filing and acquisition; patent licensing; 
and patent litigation. Furthermore, based on different behaviors across the three 
patent activity domains, firms’ patent strategies can be generally classified into 
defensive strategy, proprietary strategy, or leveraging strategy. However, 
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despite the growing research interests in IPM, most studies have focused on 
patent strategies of large and established firms while far less is known about 
how small companies should develop their patent portfolios in order to prosper 
in a competitive arena. 
Patents account for a significant part of the value of the firm, especially 
for small firms operating in technological-intensive industries. Therefore, it is 
important to understand how small firms should evolve their patent portfolios 
in order to achieve sustainable competitive advantages. In the second and third 
essay, I investigate the performance impact of small firms’ patent portfolios 
using a sample of small biotechnology firms. I choose the biotechnology 
industry as my research context, as it is widely acknowledged that patents 
provide effective protection over biotechnological inventions. Due to 
significant resource demands and high failure rates in early stage Research and 
Development (R&D), biotechnology firms frequently seek out partnerships 
with other organizations. In fact, the ability to forge partnerships and to benefit 
from them is crucial for the growth and survival of small firms in the 
biotechnology industry. Therefore, in the following two essays, I examine how 
small biotechnology firms should develop their patent portfolios in order to 
achieve success in two aspects: the formation of strategic alliances (Essay 2); 
and the ability to learn from their alliance partners (Essay 3). More specifically, 
in the second essay, I examine the relationship between the diversity of a small 
firm’s patent portfolio and its ability to form strategic alliances with other 
organizations. In the third essay, I investigate how the technological distance 
between alliance partners’ patent portfolios affects a small firm’s learning effect 
through alliances. Existing research on both technological diversity and 
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technological distance has generated mixed findings, which are unable to 
provide clear implications on how small firms should evolve there patent 
portfolios in order to succeed. In this thesis, I argue that one of the main reasons 
for the inconclusiveness in current studies is that they tend to focus extensively 
on firms’ innovative outcomes, while the underlying knowledge bases are 
largely neglected. 
To resolve the ambiguities in prior research, I draw on the recombinant 
search literature, which suggests that innovations result from recombination of 
existing knowledge elements. In the biotechnology industry, the recombinative 
nature of innovation is especially prominent. Inspired by the methodology used 
in my first essay, I apply bibliometric techniques to patent data and develop the 
concept of knowledge base homogeneity (KBH), defined as the extent to which 
different innovations originate from similar sets of knowledge bases. As will be 
shown in my second and third essays, the introduction of KBH will address the 
limitations in prior research and provide clearer implications for the patent 
portfolio development of small firms. 
In my second essay, I take a contingency perspective and investigate the 
role of KBH on the performance impact of technological diversity. Existing 
research has focused extensively on the technological diversity of firm’s 
innovative outcomes, while far less attention has been paid to how firms 
recombine across different knowledge bases in developing these innovations. 
As a result, current research on the relationship between technological diversity 
and performance has led to mixed empirical findings. In this essay, I examine 
how technological diversity affects small firms’ performance in terms of 
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alliance formation, at different levels of KBH. Using a sample of 202 firms in 
the biotechnology industry, the results support my hypotheses that KBH 
amplifies the benefits and mitigates the costs of technological diversity. 
The third essay extends the concept of KBH from firm level to the level 
of firm dyads. In this essay, I investigate the role of KBH in the relationship 
between technological distance and inter-organizational learning through 
strategic alliances. Similarly, current research has focused almost exclusively 
on the technological distance between firms’ innovative outcomes, while the 
underlying knowledge bases have been largely neglected. In this essay, I 
examine how KBH between alliance partners affect the impact of technological 
distance on inter-organizational learning. 
Overall, the dissertation contributes to IPM research in two ways. First, 
this thesis uncovers the underlying knowledge structure of IPM research and 
deepens our understanding of the research field (Essay 1). Secondly, we address 
the limitation in current research by examining how small firms should build 
their patent portfolio in order to achieve sustainable competitive advantages 
(Essay 2 and Essay 3). In addition, this thesis also makes methodological 
contributions by demonstrating a way to apply bibliometric techniques to patent 
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Chapter 1  
Introduction 
1.1. Background 
Firms today compete on a knowledge basis, making knowledge the most 
strategically important resource within a firm (Grant 1996a). As a common type 
of public good, knowledge is non-excludable and non-rivalrous in nature 
(Granstrand and Holgersson 2013). On the one hand, individuals cannot be 
effectively excluded from using a specific piece of knowledge. On the other 
hand, the consumption of knowledge by one individual does not reduce its 
availability to others. As a result, knowledge is prone to leakage and imitation, 
and is generally inappropriable by means of market transactions. Following the 
definition proposed by Teece (1986), we use the term “appropriability” to refer 
to an innovator’s ability to capture the profits generated by an innovation. In 
order to resolve the appropriability problem and incentivize innovation 
investments, governments confer intellectual property rights (IPR) to 
individuals and organizations who created the knowledge. Intellectual property 
(IP) refers to the creations of the human mind for which exclusive rights are 
assigned to designated owners by law1. Common forms of IPR include patents, 
trademarks, copyright, and industrial designs.  
As competition among firms is becoming increasingly knowledge-based, 
the key to sustainable competitive advantage lies in the ownership of critical IP 
(Somaya 2012). The global smart-phone industry serves as a case in point that 




illustrates the crucial role of IP2. Since 2009, there has been an ongoing patent 
war involving major smart-phone manufacturers (e.g. Apple, Samsung, HTC, 
Nokia, RIM, Motorola, etc.), as well as software and platform providers (e.g. 
Google, Xerox, Oracle, Qualcomm, Microsoft, etc.). Given the high intensity of 
IP-related litigation and complex licensing and cross-licensing relationships 
between different parties, only companies with strong patent portfolios were 
able to survive the patent war and achieve a favorable position in the market. 
Another example that demonstrates the importance of IP can be found in the 
biotechnology industry. Due to the nature of biotechnology inventions, the costs 
of new product development are extremely high, while imitation costs are 
relatively low. According to the founders of Nordic Biotech, “almost any 
technology or compound can rapidly be reverse engineered” 3 . Therefore, 
biotechnology firms rely heavily on IP protection in order to appropriate from 
their innovative efforts. 
The crucial role of IP has been widely acknowledged by both 
practitioners and academic researchers. In the past, IP was viewed purely as a 
legal asset and the activities related to IP were mainly carried out by the legal 
department in the organization. In recent years, however, more and more 
companies have started to view IP as a business asset which serves as the 
strategic driver for firm growth. Consequently, IP-related activities are now 
coordinated at a higher level in the organization, involving legal, R&D, and 
business personnel. Many organizations have even created the role of Chief 
Intellectual Property Officer (CIPO), who oversees all the firm’s IP activities 





and reports directly to the CEO, as part of the “C-Suite” (Harrison, Sullivan et 
al. 2012). In line with the growing significance of IP, there has been an emerging 
stream of academic research addressing various aspects of firms’ intellectual 
property management (IPM). In this thesis, I first conducted a bibliometric 
review on the research field of IPM. The broad literature survey revealed that 
there is a lack of research on IPM in small firms. Therefore, in the next two 
essays, I conducted two in-depth studies investigating how small firms should 
develop their patent portfolios in order to achieve sustainable competitive 
advantages. Further details about the three essays and the development of the 
thesis will be described in the following sections of this chapter. 
1.2. Motivation and research questions 
Despite the growing research interests in IPM, the research field is still 
characterized as relatively fragmented and lack clear research trajectories. To 
achieve a more comprehensive understanding of the research field, I conducted 
a bibliometric review on IPM research in the first essay. Unlike qualitative 
review methods, bibliometric techniques are able to provide more objective 
insights into the evolution and intellectual structures of the research field. Using 
citation and co-citation analysis, this essay seeks to understand the evolution 
and current status of IPM research; the intellectual core of IPM research; and 
the underlying knowledge structures of IPM research.  
An important insight gained from the process of broad literature survey 
in the first essay is that there is a lack of research on IPM in small firms. The 
vast majority of existing studies have focused on patent strategies in large 
established firms, while far less is known about how small companies should 
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manage their intellectual properties. This observation led to the second and third 
essays of my thesis. In these two essays, I investigate how small firms should 
develop their patent portfolios in order to achieve better performance. More 
specifically, I focus on the performance of small firms in two aspects: the ability 
to form strategic alliances with other organizations; and the ability to learn from 
alliance partners.  
In the second essay, I investigate the relationship between the 
technological diversity of a small firm’s patent portfolio and its ability to forge 
research partnerships with other organizations. Prior research has identified 
both benefits and costs associated with technological diversification. On the one 
hand, technological diversification allows firms to benefit from cross-
fertilization across multiple technological fields and reduce the risk inherent in 
R&D projects (Garcia-Vega 2006, Granstrand and Oskarsson 1994). On the 
other hand, increased technological diversity imposes pressures on a firm’s 
absorptive capacity and raises management costs (Cohen and Levinthal 1990, 
Katila and Ahuja 2002). Empirical studies on technological diversification have 
generated mixed findings and the exact performance impact of technological 
diversity remains unclear (Hoskisson and Hitt 1990). 
Similar inconsistencies exist in the literature on technological distance, 
which is examined in my third essay. In this essay, I investigate how 
technological distance in firms’ patent portfolios affect the small firm’s ability 
to learn from the alliance activity. Increased technological distance between 
alliance partners provides access to knowledge with higher novelty values (Burt 
1992, Granovetter 1973), but at the same time reduces absorptive capacity and 
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hinders the learning process (Lane and Lubatkin 1998). Empirical studies have 
led to mixed results regarding the effect of technological distance on inter-
organizational learning (Mowery, Oxley et al. 1996, Nooteboom, Van 
Haverbeke et al. 2007). In sum, despite decades of research efforts on 
technological diversification and technological distance, both streams of 
research have generated mixed findings and are limited in their ability to 
provide managerial implications. 
One of the most important reasons for the inconclusiveness in prior 
research is the neglect of firms’ knowledge bases. In most studies, 
“technological diversity” refers to the degree of diversification in firms’ 
innovative outcomes, as often reflected by the distribution of patents across 
different technological areas. Similarly, technological distance between two 
firms is often defined as the differences in their innovative outputs. According 
to the literature in recombinant search, firms develop new inventions by 
recombining existing knowledge elements (Fleming 2001, Schumpeter 1939). 
Existing studies on both technological diversity and technological distance have 
focused extensively on the outcomes of firms’ recombinant search, while the 
underlying knowledge bases and recombination processes are largely neglected.  
To address this limitation in prior research, I developed the concept of 
knowledge base homogeneity (KBH), defined as the degree to which different 
innovations generated by the focal firm draw upon similar sets of knowledge 
bases. When examining the performance impact of technological diversity, it is 
inadequate to look solely at what firms have accomplished. Instead, more 
attention should be paid to how firms recombine across different knowledge 
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bases in developing these innovations. Therefore, in the second essay, I take a 
contingency perspective and investigate how technological diversity and KBH 
interacts to affect a firm’s performance in terms of alliance formation. 
Extending the concept of KBH to the level of firm-dyad, I define KBH 
between two firms as the extent to which innovative outcomes of the two 
companies draw upon similar sets of knowledge elements. Prior research on 
technological distance has focused almost exclusively on the distance in firms’ 
innovative outcomes, while the differences in firms’ knowledge bases and 
knowledge recombination behaviors are generally overlooked. In the third essay 
of this thesis, I look beyond the level of firms’ innovative outputs and examine 
how KBH between alliance partners influences the relationship between 
technological diversity and inter-organizational learning. 
1.3. Research design and main findings 
As outlined above, the first essay of this thesis presents a bibliometric review 
of the research field of IPM. Combining multiple databases, I broadly searched 
for IPM-related articles published in academic journals during 1980-2012. A 
manual screening was then carried out on the search results to refine the sample 
and exclude irrelevant articles. A total of 773 articles were retained as the final 
sample for bibliometric analysis. Unlike prior literature reviews which are 
qualitative in nature, bibliometric techniques are able to provide objective 
insights into the research field. Results from citation analysis suggest that IPM 
is a fast growing research field with theoretical roots in law, economics, and 
strategic management. Furthermore, using co-citation analysis, this essay 
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identifies the intellectual core that laid the foundation for current IPM studies 
and uncovers the underlying knowledge structure of the research field. 
The second and third essays explore how small firms should develop 
their patent portfolios in order to achieve sustainable competitive advantages. 
More specifically, the second essay examines the relationship between the 
technological diversity of a small firm’s patent portfolio and its ability to form 
strategic alliances with other organizations. In essay 3, I investigate the effect 
of technological distance between firms’ patent portfolios on interfirm learning. 
As mentioned, existing studies have generated mixed findings regarding the 
performance impact of technological diversity and technological distance. To 
resolve the ambiguities in prior research, I introduced the concept of KBH. 
Inspired by the methodology used in the first essay, I applied bibliometric 
techniques on patent data in developing the measurement for KBH. 
The research models were tested on a sample of biotechnology firms. I 
chose the biotechnology industry as the research context for two reasons. First, 
the biotechnology industry is populated with small start-up firms, and small 
firms play a significant role in the technological advancement of the 
biotechnology industry. Secondly, it is generally acknowledged that patents 
confer effective protection over biotechnology inventions. Therefore, biotech 
firms are generally higher in their propensities to seek patent protection for their 
inventions. As demonstrated by prior research, the ability to form strategic 
alliances with other organizations and to benefit from alliance activities is 
crucial to the survival and growth of small biotechnology firms (Baum, Li et al. 
2000, Deeds and Hill 1996, Powell, Kogut et al. 1996). Therefore, in the second 
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and third essays, I investigate how small firms should develop their patent 
portfolios in order to achieve better performance in terms of alliance formation 
and learning from alliance partners. 
In the second essay, I examine how technological diversity and KBH 
interact to affect the performance of small firms. Existing studies on the 
performance impact of technological diversity have led to mixed findings. In 
order to resolve the ambiguities in current research, I take a contingency 
perspective and examine the role of KBH in the relationship between 
technological diversity and firm performance. I collected patent and alliance 
data for 202 small firms in the biotechnology industry. Results from statistical 
analysis suggest that the performance impact of technological diversity is 
determined by the level of a firm’s KBH. Technological diversity contributes to 
firm performance when KBH is high; however, at low levels of KBH, 
technological diversity is negatively related to firm performance. The empirical 
results support my hypotheses that high levels of KBH would enhance the 
benefits and mitigate the costs associated with increased technological diversity. 
In the third essay, I investigate the role of KBH in the relationship 
between technological distance and small firm’s ability to learn from its alliance 
partner. I compiled longitudinal data on the alliance activities of 201 
biotechnology start-ups during the period 1996-2010. In line with prior research 
(Nooteboom, Van Haverbeke et al. 2007), I found an inverted U-shaped 
relationship between technological distance and inter-organizational learning. 
Furthermore, I found that KBH between alliance partners positively moderates 
the effect of technological distance on learning. More specifically, when KBH 
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between alliance partners is high, the benefits of technological distance are 
better enacted, and the costs of technological distance are alleviated. 
1.4. Development and outline of the thesis 
This thesis consists of five chapters, and the outline is depicted in Fig 1.1. 
Chapters 2, 3, and 4 present the three essays of this thesis. In Chapter 2, I 
conducted a bibliometric review on the research field of IPM. The qualitative 
insights gained from this essay suggest that there is a lack of research on IPM 
in small firms. Therefore, in the second and third essays, I conducted two in-
depth studies to investigate how small firms should develop their patent 
portfolios in order to succeed. More specifically, in Chapter 3, I examine how 
patent portfolio diversity and KBH interacts to affect a small firm’s performance 
in alliance formation. Chapter 4 explores the effect of technological distance 
between firms’ patent portfolios on a small firm’s ability to learn from its 
alliance partners, and how KBH between alliance partners influences this effect. 
Chapter 5 integrates the findings of the three essays and discusses the research 
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Chapter 2 (Essay 1) 
Bibliometric review of IPM research 
 Provide an overview of the evolution and current status of the 
research field 
 Identity the intellectual core of IPM research 
 Uncover the underlying knowledge structure of IPM research 
 
Chapter 3 (Essay 2) 
Technological diversity, KBH, and 
alliance formation 
 Examine the effect of technological 
diversity in a small firm’s patent 
portfolio on its ability to form strategic 
alliances 
 Develop the concept of KBH 
 Investigate the effect of KBH on the 
relationship between technological 
diversity and firm performance   
Chapter 5 
Conclusions and contributions 
Chapter 4 (Essay 3) 
Technological distance, KBH, and 
learning through alliances 
 Examine the effect of technological 
distance between firms’ patent 
portfolios and a small firm’s ability to 
learn from its alliance partner 
 Develop the concept of KBH between 
two organizations 
 Investigate the effect of KBH on the 
relationship between technological 
distance and interfirm learning 
How should small firms develop their patent portfolios in order to 
achieve better performance in terms of: 
a) Alliance formation b) Learning from alliances 
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Chapter 2  
Roots and development of intellectual property management 
research: a bibliometric review4 
2.1. Introduction 
As shown by many indicators and recognized by many scholars, the last few 
decades have witnessed an ongoing transition to a knowledge-based economy 
(Gloet and Terziovski 2004, Granstrand 2000). According to economists, 
knowledge is a common type of public resource and is non-excludable in nature 
(Granstrand and Holgersson 2013). In order to appropriate value from Research 
and Development (R&D) and innovation efforts, intellectual property rights 
(IPR) are needed to protect valuable knowledge. The importance of managing 
intellectual property (IP) has been realized by more and more managers, 
especially those in technology-intensive firms. Among recent technology 
headlines was Google’s acquisition of Motorola Mobility for $12.5 billion; the 
transaction was primarily initiated for the 1,700 wireless patents held by 
Motorola, which were essential for Google’s strategic move into the consumer 
electronics market. At the same time, there has been a surge in the number of 
academic studies and publications in the field of intellectual property 
management (IPM). The research field of IPM has emerged from diverse roots 
in economics, law, and management (Somaya 2012) and has grown rapidly over 
recent years and accumulated its own body of knowledge. Nevertheless, the 
field remains fragmented and lacks clarity in its research trajectories (Candelin-
                                                          
4 Chapter 2 is adapted from Wang, B., Chai, K.H., Subramanian, A.M. “Roots and 
development of intellectual property management research: A bibliometric review”. World 
Patent Information (2015), 40, 10-20. 
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Palmqvist, Sandberg et al. 2012). Therefore, a comprehensive study on the 
current status, future trends, and underlying intellectual structure of the field of 
IPM is needed. 
From a legal perspective, the term “intellectual property” (IP) refers to 
a creation of the mind for which exclusive rights are recognized5. Common 
forms of intellectual property rights include patents, trademarks, copyrights, and 
trade secrets. Intellectual property has long been treated as legal assets, and it 
was not until recently that both academic researchers and practitioners have 
begun to view IP as business assets from which value can be derived (Harrison, 
Sullivan et al. 2012). This transition is also reflected in how firms deal with IP 
issues in their daily operations. In the past, activities related to IP were mostly 
carried out by the legal department of the organization or outsourced to law 
firms. Currently, we see more involvement of personnel from business and 
strategy, as well as R&D, in IP related activities, such as patent filing and 
licensing decisions, or enforcement of IP rights. (Knight 2001). To some extent, 
the combination of expertise in various aspects, including law, management, 
economics, technology, and public policy, has contributed to the fragmented 
nature of IPM research. 
This study addresses the gaps in our understanding of the field by using 
bibliometric techniques to uncover the knowledge structure of IPM research. 
Our study differs from previous reviews in two ways. First, instead of focusing 
on the consensus list of “key articles” or papers from a few specific journals, 
we searched broadly for all relevant papers in IPM. By conducting a citation 





and co-citation analysis of this large sample, we are able to acquire a 
comprehensive understanding of the current status and the evolution of this 
research domain. Second, unlike prior qualitative reviews (Candelin-Palmqvist, 
Sandberg et al. 2012, Hanel 2006, Somaya 2012, Swain and Panda 2012), we 
adopted quantitative methods and provided objective clues on the knowledge 
structure of the field. Based on the results of the bibliometric analysis, we 
provided a broad overview of the research field and identified the intellectual 
core and the underlying knowledge structure. Moreover, we showed how the 
field of IPM has evolved over time and offered suggestions and implications for 
future research. 
The rest of this paper is organized as follows. In Section 2.2, we present 
a summary of previous review papers on IPM. Section 2.3 gives a brief 
introduction of the bibliometric techniques adopted in this study, while Section 
2.4 provides further details on the data and methodology. The results and 
discussions are presented in Section 2.5, and Section 2.6 concludes with the 
major findings of this paper and suggestions for future research. 
2.2. Literature review 
The process of IPM is the means through which companies or individuals 
maintain their patents, trademarks, copyrights, and trade secrets. Activities 
involved in this process can be as simple as obtaining IP rights and keeping 
them renewed, or as complicated as developing an integrated IP strategy and 
synthesizing it with business strategies (Harrison, Sullivan et al. 2012). The 
most important objective of IPM is to ensure that all intellectual property is 
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being utilized to its full extent and serves to maximize profitability (Berman 
2009). 
Several studies have analyzed and reviewed the IPM research. Previous 
review papers summarized various research topics related to IPM and depicted 
the current status of IP management as a field of study within management. One 
of the earliest review papers on IPM by Hanel (2006) surveyed existing IPM 
literature and classified the studies into various groups based on their primary 
focus. After a careful review of existing IPM literature, the author concluded 
that intellectual property is becoming an increasingly important business asset 
for firms. Swain and Panda carried out a bibliometric study on 332 articles 
published in the Journal of Intellectual Property Rights from 2002-2010. The 
results indicated that the degree of collaboration in the journal was relatively 
low, with nearly three quarters of the articles having a single author. In addition, 
it was found that the articles were rarely cited and that the majority of the 
citations came from the source journal. Nevertheless, the Journal of Intellectual 
Property Rights is recognized by scholars around the world and is becoming a 
promising journal in the field of IPM (Swain and Panda 2012). In 2012, Hanni, 
Birgitta and Ulla-Maija wrote a review paper on IPR studies in innovation 
management research. Their paper covered 111 articles from seven leading 
innovation management journals. Similar to Swain and Panda’s paper, both 
descriptive statistics and qualitative observations were reported. Moreover, this 
review article provided suggestions for future IPR research. In particular, the 
authors pointed out that research methodologies used in future IPR studies 
should be more versatile and that more studies should be conducted in Asian 
contexts (Candelin-Palmqvist, Sandberg et al. 2012). Another frequently cited 
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qualitative review was written by Somaya in 2012, and provided an overview 
of patent strategy and management research. According to his framework, firms 
generally adopt three different kinds of patent strategies: proprietary, defensive, 
or leveraging strategies (Somaya 2012). Most of the source articles analyzed in 
this paper were from the management literature and investigated firm-level 
strategies in managing IP. 
In sum, previous review papers on IPM either adopted a qualitative 
approach or focused on a select part of the literature. As a result, there is still 
little agreement among scholars on what exactly constitutes IPM research. In 
this paper, we aimed to address the gap in our understanding of IPM research 
and how the underlying knowledge structure has evolved over time. We 
achieved this goal by using standard bibliometric techniques, including citation 
and co-citation analysis. In order to avoid any bias in the selection of articles, 
we broadly searched for all IPM research papers using two databases. A 
comprehensive list of IPM articles was constructed upon which further 
bibliometric analysis was performed.  
2.3. Bibliometric techniques 
The term “bibliometrics” was coined by Alan Pritchard in 1969 and refers to 
the application of mathematics and statistical methods to books and other media 
of communication (Pritchard 1969). Since its introduction, bibliometrics has 
been adopted by scholars in various fields to quantitatively analyze scientific 
and technological publications. Common bibliometric techniques include 
citation analysis, co-citation analysis, and bibliographic coupling. In this paper, 
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we adopted the former two methods to reveal the underlying structure of IPM 
research. 
Citation analysis is based on the rationale that authors cite papers they 
consider to be important to the development of their own research. Therefore, 
frequently cited articles are likely to have a greater influence on the subject than 
less cited ones. Based on the citation rates of the references, we were able to 
identify the core literature upon which the research field was developed. 
However, citation analysis alone cannot provide a clear view of the structure of 
a field (Leong 1989). Therefore, in this paper, co-citation analysis was carried 
out following the citation analysis. 
Co-citation is defined as the frequency with which two items of earlier 
literature are cited together by the later literature (Small 1973). Since its 
introduction in 1973, co-citation analysis has been applied to various fields of 
research, including information science (White and McCain 1998), strategic 
management (Ramos-Rodriguez and Ruiz-Navarro 2004), operations 
management (Pilkington and Meredith 2009), and human resource management 
(Fernandez-Alles and Ramos-Rodriguez 2009). According to the definition, if 
two papers are strongly co-cited, a large number of authors must have cited the 
two earlier works together (Small 1973). Therefore, by measuring co-citation 
strength, we measure the intellectual connections within the field (White and 
Griffith 1981). Moreover, in order to be frequently co-cited, the two papers must 
have been frequently cited individually. Therefore, highly co-cited papers are 
likely to represent the key concepts, methods, or experiments in a specific field 
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(Garfield 1955). Consequently, by conducting a co-citation analysis, we can 
uncover the intellectual structure of a research field (Borgman and Furner 2002). 
There have been heated debates over the two different bibliometric 
methods over the years (Jarneving 2005). Bibliographic coupling, which 
measures the number of shared references of two papers, has been widely used 
to detect subfields in a research domain. In contrast, co-citation analysis focuses 
on antecedent works cited by the source articles and is dynamic in nature. As 
illustrated in Section 2.2, there is an abundance of review papers on IPM looking 
at the current status of the research field. Moreover, as we will see from the 
descriptive statistics in Section 2.5, IPM is a fast-growing, yet not fully-
established, field. This means it is still too early to identify subgroups or 
subtopics within the field of IPM. The main purpose of this study was to uncover 
the intellectual roots of IPM as a research field and examine how its intellectual 
structure has evolved over time. Therefore, we adopted co-citation analysis to 
achieve this goal. 
2.4. Data and methods 
2.4.1. Sample preparation and refinement 
Since the aim of our study was to uncover the intellectual structure of the 
research domain, we focused on relevant publications in academic journals. 
Compared to books, unpublished doctoral theses, and other documents, journal 
articles are considered more “certified” knowledge (Ramos-Rodriguez and 
Ruiz-Navarro 2004), as they have undergone critical review by fellow 
researchers. Moreover, journal articles cite previous works in a more 
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standardized way, through which we can observe the knowledge flows within 
the field. 
We searched for all articles published between 1980 and 2012 with 
“intellectual property management / strategy / licensing / portfolio / valuation” 
or “patent, trademark, copyright, trade secret management / strategy”, as well 
as their abbreviated forms (IP, IPR, IPM, etc.), in the article title, abstract, or 
keywords. To avoid the limitations of a single database, we searched both Web 
of Science and Scopus (duplicated articles were manually excluded) in the 
subjects of law, economy, and management. In order to avoid any deficiency in 
the search criteria or limitations of the database coverage, we performed a cross-
check of the three journals that published the most IPM related articles (as 
identified by the search results - Research Policy, International Journal of 
Technology Management, and Journal of Intellectual Property Rights). We 
manually examined each issue of these journals between 1980 and 2012, and 
extracted any articles focusing on IP management that were not covered by the 
previous search results. Using this procedure, we identified 19 additional source 
articles.  
The above search and cross-check processes returned more than 2000 
articles. Since the list of articles was generated by the search engine using a 
combination of keywords, further refinement was necessary to exclude papers 
that did not fit our scope. To avoid subjectivity in the refinement process, we 
engaged independent researchers to determine which papers to exclude, and 
solved any disagreements through discussion and careful review of the entire 
article. We excluded the following types of papers:  
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1) Studies that used patents merely as indicators of innovative output or 
research capabilities and focused on research topics other than IPM per se; 
2) Technological papers introducing or describing a new patent analysis 
tool (software, algorithm, etc.); 
3) Patent map/landscape studies of a specific technology area aimed at 
forecasting future technology trends; 
4) Inappropriate document types (books, book reviews, keynote 
addresses, editorial documents, unpublished doctoral theses, incomplete 
conference proceedings, etc.). 
After the refinement, we retained 773 papers published in academic 
journals from 1980 to 2012. 
2.4.2. Coding and purification 
Due to random errors in both databases, around 8% of all articles in the sample 
had one or more fields with missing content. We manually retrieved these 
problematic records and completed the missing fields. After this process, we 
ensured that each article in our sample was recorded in a standard format, 
including the title, author name, abstract, keywords, publication year, source 
journal, and a list of cited references. 
To conduct a co-citation analysis on the sample, we relied on the citation 
list of each article to generate co-citation networks. Therefore, any errors in the 
cited references could lead to inaccuracy in the next stage and needed to be fixed 
before further analysis. Common errors in the cited articles included 
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misspellings or variants in author and journal names and abbreviations, as well 
as incorrect or missing volume and page numbers. For cited references in the 
form of books, additional attention was paid to correct for multiple editions and 
inconsistent abbreviations of book titles. After this procedure, the purified 
sample was ready for further bibliometric analysis. The sample set used in our 
study consisted of 773 articles with 33,743 cited references. 
2.4.3. Citation and co-citation analysis 
Using the cleansed dataset, we carried out a citation and co-citation analysis. 
Citation analysis generates descriptive statistics about the source articles and 
gives us a brief overview of the research field. The major tool we used for the 
bibliometric analysis was Bibexcel, a software capable of extracting fields from 
article records and generating files compatible with Pajek, Excel, and SPSS for 
advanced analysis (Persson 2009). 
It is generally accepted that citation counts can be used as an indicator 
(although an imperfect one) of the quality of a scientific contribution (Lindsey 
1989). Based on this rationale, we identified the references with the highest 
number of citation counts to represent the intellectual core of the field. It is 
worthwhile to point out that the criterion applied here differs from previous 
bibliometric studies in other fields (di Stefano, Peteraf et al. 2010). By “citation 
count”, we refer to the number of times a reference was cited by the source 
articles in our sample set, rather than the total number of forward citations it has 
received. We believe this method leads to more accurate results since the field 
of IPM borrows ideas from multiple disciplines. Citations by papers from 
research fields other than IPM would not reflect the actual importance of their 
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contribution to IPM research. Therefore, we only included citations by articles 
in our sample to generate the intellectual core. Further co-citation analysis was 
performed on the intellectual core detected at this stage. In order to generate a 
clear co-citation map, we imposed a threshold of 5% in deciding the intellectual 
core. In other words, references cited by more than 5% (i.e., more than 39 times) 
of the source articles were retained for co-citation analysis. This procedure 
yielded 38 cited references as listed in Table 2.1. 
Of all the references identified as the intellectual core, none are general 
methodological references. These references are cited for their insights and 
contributions to the research field, rather than serving as common research 
methodologies. This further reflects the fact that there is no dominant 
methodology in the field of IPM research (Benckendorff and Zehrer 2013). At 
the current stage, both qualitative and quantitative approaches are adopted by 
IPM researchers. Some studies have used cases and interviews to explain 
organizations’ IP practices, while others have conducted surveys or analyzed 
patent data to provide empirical findings regarding IPM issues. Another group 
of studies combined the two approaches by explaining the phenomenon or 
problem through cases or semi-structured interviews, and then provided 
empirical analysis to validate the findings. 
To study the linkages and structures of the intellectual core of IPM, we 
calculated the co-citation frequencies using Bibexcel. We split the source 
articles into two different periods so that we were able to observe the shifts and 
evolution in the underlying knowledge structure: the early period contains 97 
articles published from 1980 to 1999, while the later period covers the 
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remaining 676 articles published from 2000 to 2012. The year 2000 was chosen 
as the dividing point for two reasons. First, based on the results shown in the 
first column of Table 2.1, several articles that were highly impactful in the field 
were published around 2000 (Anand and Khanna 2000a, Cohen, Nelson et al. 
2000, Hall and Ziedonis 2001, Lanjouw and Schankerman 2001, Shapiro 2000). 
This suggests that the intellectual core started to build gradually during this 
period. Secondly, the TRIPS (Trade Related Aspects of Intellectual Property 
Rights) agreement, which took effect in 1996, would have an influence on both 
industrial practices and academic research after a certain period. Therefore, we 
expected a surge in the literature forming the underlying knowledge structure 
of the field. Consistent with the criteria we applied to the whole sample, 
references cited by more than 5% of the source articles in each period were 
retained for co-citation analysis. This resulted in 41 references cited more than 
5 times by articles in the early period and 41 references cited more than 34 times 
by articles in the late period. 
We first calculated the co-citation frequencies of the most cited 
references using Bibexcel. The result for this step was a symmetric proximity 
matrix. The number in each cell is the number of times each paper was co-cited. 
According to Leydesdorff and Vaughan (Leydesdorff and Vaughan 2006), a 
symmetric proximity matrix can be directly input into mapping software to 
generate a network diagram. Further normalization is not necessary and may 
even lead to distorted results. Therefore, we applied the co-citation matrix 
directly in Bibexcel to generate the net-file for mapping with Pajek. We chose 
the Kamada-Kawai spring embedded algorithm (Kamada and Kawai 1989) in 
Pajek (V. Batagelj), which seeks to minimize the total energy of the system. 
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2.5. Results and discussion 
2.5.1. Descriptive statistics on core papers and cited references 
Figure 2.1 below shows the number of articles published in the field of IPM by 
year in different subjects. The classification is based on the discipline 
categorization in Web of Science and Scopus. As can be seen from the chart, 
the very early IPM papers found their way into law and economics literature, 
while more recent studies were conducted in the management domain. This 
finding is not difficult to understand since IP protection is provided by the legal 
system and the initial aim of IP was to encourage innovation and promote the 
economy. In the early days, most companies saw IP purely as a legal asset and 
activities related to IP were mostly carried out within legal departments. In the 
recent decade, more and more companies started to view IP as an important 
business asset as well (Harrison, Sullivan et al. 2012). At the same time, 
research in IPM began to identify various roles that companies assigned to IP 
beyond its traditional function of providing exclusivity (e.g., conflict avoidance, 
revenue generation, cost reduction, strategic position, etc.). 
There was a surge in the publication trend around 2000. As mentioned 
earlier, the TRIPS agreement, which took effect in 1996, raised awareness of 
IPM research. Moreover, the publication of many impactful IPM studies (Arora 
2000, Cohen, Nelson et al. 2000, Hall and Ziedonis 2001, Shapiro 2000) around 
2000 also facilitated the development of the research field (as shown in Table 
2.1). In recent years, more than 80 papers have been published annually with a 





Figure 2.1 Publication Trend and Outlet Categories 
Figure 2.2 lists the source journals that have published papers related to 
IPM. The publication pattern is relatively scattered. The 15 journals that 
published most articles in the sample accounted for 41% of the total publications 
in this field. Among them, Research Policy, International Journal of Technology 
Management, and Journal of Intellectual Property Rights are the three journals 
that published the most IPM related papers. 
 




As mentioned above, we can identify the most frequently cited 
references in the field of IPM from Table 2.1. The second column indicates the 
number of times each reference was cited by the 773 source articles in our 
sample. As one of the most important theoretical foundations of IPM research, 
studies on firms’ appropriability through IP are the most cited (Cohen, Nelson 
et al. 2000, Levin, Klevorick et al. 1987, Teece 1986). These include Teece’s 
seminal paper on appropriability in 1986, followed by Levin’s paper in 1987 
and Cohen’s paper in 2000. 
In addition, many relatively recently published articles appear on the list, 
which indicates their significant impact and recognition among IPM scholars. 
Among them is Lemley’s 2007 paper in Texas Law Review which discussed 
the issue of patent holdup and royalty stacking in the current US patent system, 
specifically in cases where the patent involved protects one aspect of a complex 
product (Lemley and Shapiro 2007). Also noteworthy are Hall’s 2005 RAND 
paper and Jaffe’s 2004 book. Hall’s 2005 paper focused on the correlation 
between patent citations and the value of the patent (Hall, Jaffe et al. 2005). This 
paper has frequently been cited by studies in patent valuation. The book by Jaffe 
in 2004, on the other hand, discussed the impact of the patent system on 
innovation and the economy (Jaffe 2004). This book is often cited by law and 









Frequency (per 10,000 citations) 
Overall 1980-1999 2000-2012 Change 
Levin RC, 1987 136 40.30 39.69 40.38 0.68 
Cohen WM, 2000 125 37.04 NA 41.71 NA 
Arrow K, 1962 120 35.56 0 34.70 34.70 
Hall BH, 2001 113 33.48 NA 37.71 NA 
Teece DJ, 1986 96 28.45 0 27.03 27.03 
Shapiro C, 2000 84 24.89 NA 28.03 NA 
Merges RP, 1990 81 24.00 31.75 23.02 -8.72 
Heller MA, 1998 75 22.22 0 25.03 25.03 
Kamien MI, 1986 74 21.93 13.23 23.02 9.796 
Arora A, 2001 65 19.26 NA 21.69 NA 
Katz ML, 1985 63 18.67 18.52 18.68 0.16 
Scotchmer S, 1991 62 18.37 26.46 17.35 -9.10 
Mansfield E, 1986 62 18.37 26.46 17.35 -9.10 
Grindley PC, 1997 61 18.07 2.64 20.02 17.37 
Kamien MI, 1992 (H) 58 17.18 7.93 18.35 10.41 
Katz ML, 1986 57 16.89 18.52 16.68 -1.83 
Kitch EW, 1977 55 16.29 29.10 14.68 -14.42 
Gallini NT, 1990 53 15.70 7.93 16.68 8.74 
Anand BN, 2000 52 15.41 NA 17.35 NA 
Lanjouw JO, 2001 50 14.81 NA 16.68 NA 
Taylor CT, 1973 50 14.81 31.75 12.68 -19.07 
Green JR, 1995 49 14.52 10.58 15.01 4.43 
Trajtenberg M, 1990 48 14.22 15.87 14.01 -1.86 
Griliches Z, 1990 47 13.92 23.81 12.68 -11.13 
Mansfield E, 1981 47 13.92 29.10 12.01 -17.09 
Cohen WM, 2002 45 13.33 NA 15.01 NA 
Lerner J, 1995 45 13.33 15.87 13.01 -2.86 
Jaffe AB, 2004 44 13.03 NA 14.68 NA 
Nordhaus WD, 1969 44 13.03 34.40 10.34 -24.05 
Hall BH, 2005 43 12.74 NA 14.35 NA 
Lerner J, 1994 43 12.74 5.29 13.68 8.39 
Kamien MI, 1992 (J) 43 12.74 5.29 13.68 8.39 
Lemley MA, 2007 43 12.74 NA 14.35 NA 
Lemley MA, 2001 42 12.44 NA 14.01 NA 
Arundel A, 2001 41 12.15 NA 13.68 NA 
Wang XH, 1998 41 12.15 0 13.68 13.68 
Jensen R, 2001 40 11.85 NA 13.34 NA 
Gilbert R, 1990 39 11.55 18.52 10.67 -7.84 
 
The last four columns of Table 2.1 show the citation frequency in the 
different periods and the changes between them. Citation frequency is 
calculated as the number of times cited per 10,000 citations (Pilkington and 
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Meredith 2009). The change in citation frequency is also plotted in Figure 2.3 
for a clearer view. This analysis aims to investigate how the intellectual 
structure changed during the two periods. A series of important studies was 
published around the year 2000 which added to the knowledge base of IPM 
research. A few representatives of these studies include Cohen’s paper in 2000 
on appropriation mechanisms adopted by US manufacturing firms (Cohen, 
Nelson et al. 2000); Hall’s paper in 2001 on patenting propensity among 
semiconductor firms (Hall and Ziedonis 2001); and Shapiro’s paper in 2000 on 
the issue of patent thickets (Shapiro 2000). The most important reason for their 
high citation rates is that the topics they covered appealed to broader audiences. 
The insights of these articles attracted both scholars and practitioners from 
management, law, and economics. 
As shown in Figure 2.3, some references became more frequently cited, 
while others lost popularity over the years. One interesting example is Arrow’s 
book chapter titled “Economic Welfare and the Allocation of Resources for 
Invention” (Arrow 1962). The book was initially published in 1962, but it was 
not until 2000 that researchers in IPM started to adopt his theories in welfare 
economics and began to cite this reference. Another case is Teece’s Research 
Policy paper in 1986, which is regarded as one of the seminal papers on 
appropriability (Teece 1986). The paper explained why innovative firms often 
failed to profit from their innovation outcomes. Firm-level studies on firms’ 
appropriability were mostly seen in the later period, and researchers in IPM 
started to bring the term “appropriability” into IPM research and cite this paper 




Figure 2.3 Changes in Citation Rates over the Two Periods6 
 
  
                                                          
6 Per 10,000 citations 
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On the other hand, some references were highly cited in the early period 
(1980-1999), but became less popular in recent years. Nordhaus’s 1969 book 
on technological change and social welfare provides an appropriate example. 
This book was mostly cited for its discussion of optimal patent life in Chapter 
5. It is one of the most cited references by the source articles in the early period, 
but is only moderately cited by more recent studies. Taylor’s 1973 book on the 
economic impact of the patent system (Taylor 1973) is another such instance 
and had a citation rate of 31.75 (per 10,000 citations) among articles in the early 
period. However, the rate dropped to 12.68 in the late period, resulting in an 
overall citation frequency of 14.81. This change, together with the trend 
depicted in Figure 2.1, suggests that earlier works in the field of IPM tended to 
deal with the economic impacts of IP on social welfare, while the more recent 
studies have focused on firm-level management of IP. 
2.5.2. Co-citation analysis 
In order to explore the underlying knowledge structure of the research field, we 
conducted a co-citation analysis on the source articles. As mentioned earlier, 
co-citation analysis was performed on the most frequently cited references. 
Articles that were cited by more than 5% of the source articles were included in 
our analysis. This resulted in 38 references for the entire period, 41 references 
for the early period, and 41 references for the late period. 
In the co-citation diagram, the size of each node reflects its citation 
frequency. The position of each node is determined by its co-citation frequency 
with other references: frequently co-cited papers are located close together, 
while less frequently co-cited papers are further apart. In addition, the co-
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citation strengths are reflected by the thickness and gray-scale of the lines 
between them. To produce a clearer network diagram, we set a cut-off value for 
the lines to be displayed. In the diagram for the entire period, lines with values 
lower than 13 were omitted. For the early and late periods, the cut-off values 
were set to 3 and 13, respectively. 
As can be observed from Figure 2.4, the center of the co-citation 
diagram consists of the most frequently cited references by IPM studies. These 
include papers on how firms can appropriate from their innovation through IP 
(Cohen and Levinthal 1990, Levin, Klevorick et al. 1987, Teece 1986) and the 
relative effectiveness of IP in providing protection against competitors and 
imitators across different industries (Arundel 2001, Cohen, Goto et al. 2002, 
Hall and Ziedonis 2001, Lerner 1994, Mansfield 1986, Mansfield, Schwartz et 
al. 1981). Among them, Teece’s paper in 1986 (Teece 1986) was one of the first 
to mention the importance of the appropriation regime and Mansfield’s papers 
in 1981 and 1986 (Mansfield 1986, Mansfield, Schwartz et al. 1981) were the 
earliest empirical studies exploring how the level of appropriability provided by 
IP protection varied in different industrial settings. This topic remains one of 
the central themes of IPM research. Many later studies on this issue followed 





Figure 2.4 Co-citation Network Diagram – Whole Sample (1980-2012)
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Above the center are three studies that investigated how firms adopt 
relatively “open” IP strategies through cross-licensing (Grindley and Teece 
1997), participation in patent pools and standard setting organizations (Shapiro 
2000), and how the market for technology is formed and how firms should react 
(Arora 2000). The openness of IP strategies is an especially heated topic in 
current IPM research and its study has attracted scholars from open innovation 
as well (Chesbrough 2003, Granstrand and Holgersson 2014). This emerging 
group of studies has explored the new challenges and opportunities to develop 
the most efficient IP strategies for firms playing in a more open business 
environment. 
On the lower right of the diagram is a group of papers that discussed the 
function and nature of the patent system from an economics perspective. These 
studies investigated the economic impact of the patent system (Arrow 1962, 
Green 1995, Kitch 1977, Nordhaus 1969, Scotchmer 1991, Taylor 1973), 
whether the existence of this system is deterring or promoting innovation 
(Heller and Eisenberg 1998, Jaffe 2004); and how the optimal patent length and 
scope should be determined to ensure the most efficient patent system (Gilbert 
and Shapiro 1990, Merges and Nelson 1990). This stream of literature has been 
less popular in recent years since the patent systems in most developed countries 
are already well established. The research focus has shifted from the system per 
se, to how individual firms in the system can improve their performance through 
effective IPM. 
The lower left corner of the diagram consists of studies on IP valuation. 
The topics covered include how citation data can be applied to determine the 
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value of a patent (Griliches 1990, Hall, Jaffe et al. 2005, Trajtenberg 1990); how 
the scope of a patent is related to its economic value (Lerner 1994); and what 
characteristics of a patent could lead to a higher possibility of being involved in 
litigation (Lanjouw and Schankerman 2001). The existing studies on IP 
valuation are largely built upon these papers. Although more indicators (family 
size, originality, imitation barriers, etc.) and methods (income, cost, market, 
direct, pay-off) have been developed, citation and scope still remain important 
indicators of patent value. 
The upper right corner of the diagram contains a group of articles that 
are relatively distant from the core. These articles focused on optimal licensing 
strategies for firms (fees versus royalty, degree of exclusivity, etc.) under 
different conditions and specific issues involved in contract design (Anand and 
Khanna 2000a, Gallini and Wright 1990, Kamien 1992, Kamien, Oren et al. 
1992, Kamien and Tauman 1986, Katz and Shapiro 1985, Katz and Shapiro 
1986, Wang 1998). The topic of IP licensing strategy remains an important 
research area in IPM. More and more firms have started to realize that a well-
designed licensing strategy can generate additional revenue which fuels future 
R&D. This group of literature was linked to the core by two papers from the 
economics field (Arrow 1962, Taylor 1973), which examines the economic 
impact of the patent system. These papers first introduced the technique of 
economic modeling into the field of IPM. This methodology was subsequently 
adopted by studies to design the optimal licensing terms and strategies. 
In Hanel’s Technovation paper, the existing IPM studies were classified 
and discussed. Topics such as IP valuation and the role of IP in improving firms’ 
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appropriability were also mentioned. However, the paper did not cover the topic 
of the economic impact and function of IP systems. Even though research on 
this topic is an important part of the IPM knowledge base, few recent studies 
have examined this issue. According to Hanel, in addition to the topics 
identified in our co-citation diagram, research topics that have emerged in recent 
years include human resources, training of IP personnel, and the effect of IP on 
firm value. (Hanel 2006).  
Figure 2.5 illustrates the co-citation network for the early period (1980-
1999). The co-citation pattern for this period is relatively scattered as the field 
was still in its initial development stage. The literature used for the co-citation 
analysis for this stage included most of the core references listed in Table 1. As 
can be seen in the upper right corner, the group of papers by Katz, Kamien, 
Gallini, and Gilbert on optimal IP licensing strategies had already emerged at 
this time. 
In the upper left corner there exists a group of frequently co-cited papers 
that was not observed in the co-citation diagram for the whole sample. Most of 
these papers were published in law journals and focused on either the rationale 
behind the patents or the copyright system (Breyer 1970, Calabres.G and 
Melamed 1972, Eisenberg 1989, Gordon 1982, Landes and Posner 1989, 
Lemley 1995, Lemley 1997, Samuelson, Davis et al. 1994). As the patent 
systems for most nations have become more mature and established over time, 













As can be seen from Figure 2.6, the co-citation pattern for the late period 
is very similar to that for the whole sample. The main reason is that this period 
contains 87% of the source articles. This echoes findings by previous review 
papers that showed that IPM is a young and fast-growing field and most of the 
IPM publications have emerged in the last twenty years (Candelin-Palmqvist, 
Sandberg et al. 2012). Another reason for the similarity is that earlier 
publications tend to have fewer references than recent ones. And, since the co-
citation diagram is constructed upon citation data, the citation pattern for the 
whole sample is more driven by articles in the late period. 
In addition, there are two papers by Harhoff that appear in Figure 2.6 
but not in Figure 2.4. These two papers, together with the group of papers on IP 
valuation mentioned earlier, explored the relationship between citation, family 
size, and patent value (Harhoff, Narin et al. 1999, Harhoff, Scherer et al. 2003). 
Another article that was not included in the citation diagram for the whole 
sample is Mazzoleni’s 1998 paper which discussed the benefits and costs of a 
strong patent system (Mazzoleni and Nelson 1998). Since these papers were 
published around 2000, they did not receive many citations in the early period 
(1980-1999). Therefore, the overall citation rates of these papers were not high 
enough to be included in the co-citation map for the entire period. 
2.6. Conclusions and limitations 
2.6.1. Conclusions and research contributions  
The aim of this paper was to explore the knowledge structure of IPM research. 
Based on the above analysis of the existing literature, IPM is a relatively young 
and fast-growing research field. At this stage, we feel it is imperative for IPM 
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researchers to have a better understanding of the intellectual roots of this 
research field. Unlike previous reviews which either used qualitative 
approaches or focused on publications from a single journal, we conducted our 
study on a comprehensive sample of articles and applied bibliometric 
techniques to provide sizable clues on how the research field has developed over 
time. Our paper makes three important contributions to the literature. 
First and foremost, by studying all academic articles in IPM, we 
provided objective insights into the current status of the research field. Based 
on the analysis of 773 source articles, IPM research is multidisciplinary in 
nature and integrates knowledge from law, economics, and management. 
Researchers in the field also have various backgrounds ranging from 
management to economics, law, and science and engineering. 
Although this paper covers a time span of more than 30 years (1980-
2012), most IPM publications have emerged in the present decade. According 
to some IPM consultants, the volume of patent transactions has grown rapidly 
in the past few years. Industrial development often drives academic research, as 
shown in the case of the petroleum industry where increases in oil prices are 
associated with growth in academic publications on the same topic (Hughes and 
Lipscy 2013). Similarly, with increasing volumes of IP transactions, we expect 
to see growing numbers of academic publications in the field of IPM. 
Secondly, judging from the publication patterns in the field, it appears 
there is a lack of an impactful academic journal focusing specifically on the 
topic of IPM. Most of the articles in our sample were published in technology 
management journals, economics journals, general management journals, and 
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law review journals. An academic journal with a focus on IPM would serve as 
a platform for rich discussions among researchers and inspire future research 
directions. The lack of such journals hinders the development of the concepts, 
shared language, and knowledge structures of IPM (Nag, Hambrick et al. 2007). 
Therefore, we believe that it is essential to have impactful academic journals 
and conferences in the field of IPM in order to form a community that is 
conducive for the field’s development. 
Thirdly, we identified the most frequently cited references by IPM 
articles. For those who are new to the field, this may serve as an appropriate 
reading list to begin with. For experienced researchers and practitioners, it is 
also crucial to look back and develop a more comprehensive view of the 
underlying knowledge structure. 
Furthermore, the co-citation patterns uncovered in this study provided a 
clear picture of the intellectual structure of the field. In the network diagrams, 
different groups of studies emerged with emphases on different aspects of IPM. 
The network analysis revealed the centralized position of studies on 
appropriability provided by IP and firms’ patenting propensity. Since one of the 
basic functions of IPR is to enable firms to better appropriate from their 
innovation efforts, these topics remain central themes in current IPM research. 
The group of studies on the openness of IP strategies emerged next to the center 
and is currently an especially heated topic. Other research topics located at the 
fringe of the network included IP valuation, optimal IP licensing strategy, and 
the economic impact of patent systems. Licensing and valuation remained two 
important aspects of current IPM research, while the popularity of the economic 
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impact and function of IP systems has faded over the years. In addition, by 
dividing the sample into two periods, we were able to observe how the field has 
evolved over time, as well as the changes in its knowledge base. Earlier studies 
on IPM were found in economics studies, while more firm-level studies were 
conducted in the recent decade, drawing upon the management literature. 
This study performed a comprehensive bibliometric review of the IPM 
research. By performing a citation and co-citation analysis on a large sample of 
IPM articles, we bridged the gap left by the previous qualitative reviews and 
provided researchers with a better understanding of the body of knowledge of 
this field. Building on this study, further research could be done to investigate 
the research field of IPM using bibliometric methods. For example, future 
studies may choose to focus specifically on IPM dedicated journals (WPI, JIPR, 
IJIPM, etc.). Citation and co-citation analysis could be used to trace the 
development of these journals and how their body of knowledge evolves over 
time. Another approach is to study the most cited and co-cited authors by IPM 
papers. Special attention could be paid to investigate the reason why they are 
frequently cited, what contributions they have made to the research field, the 
backgrounds of these authors, and other areas in which they publish their work. 
We hope to see more bibliometric studies of this type in the future as the field 
continues to evolve. 
2.6.2. Limitations 
The findings of this paper need to be interpreted with several limitations in mind. 
Firstly, the use of bibliometric methods has some inherent weaknesses. Citation 
and co-citation analysis is based on the premise that authors cite previous work 
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which they consider to be crucial to their own research development. In some 
situations, however, articles may be cited for various other reasons and citations 
may not reflect actual knowledge transfer or intellectual contribution 
(Baumgartner and Pieters 2003). In this study, we used a sample consisting of 
773 source articles, which we believe could alleviate the aforementioned 
concern to an acceptable degree. Moreover, since we focused on the most cited 
and co-cited papers, the influence of such bias would not be prominent and 
citation data could still be regarded as a reliable indicator of intellectual 
contribution and knowledge relatedness. 
Secondly, the selection of the source articles has certain deficiencies. No 
search criterion is perfect and able to cover all related articles. We attempted to 
make up for this deficiency and improve the coverage of our sample to an 
acceptable degree. We first consulted four IPM scholars and practitioners before 
deciding on the search keywords. We then took efforts to cross-check three 
journals for articles which were not covered by our search method. Following 
these procedures, we believe our sample, although not perfect, is comprehensive 
enough to provide insights into the current status and intellectual structure of 
the research field. 
Lastly, our division of the two periods is somewhat arbitrary. Others 
may have different opinions on how the sample should be divided. We chose 
the year when the number of IPM studies grew the fastest as the dividing point, 
rather than dividing the sample into equal sizes. The objective of dividing the 
sample was to observe the changes in the knowledge structure of the research 
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field and our dividing method enabled us to achieve this goal. Therefore, we 
believe our dividing method is appropriate in this context. 
2.6.3. Implications for future IPM research 
During the process of the broad literature survey, we also gained some 
qualitative insights about existing IPM research. First, patents are the most 
accentuated form of IPR in current IPM literature. Over 90% of the studies 
covered in our research examine firms’ patenting strategies and patent 
management practices. The emphasis on patents can be largely attributed to the 
growing research interest in IPM issues within the management domain. This 
strand of literature tends to focus on technology-intensive industries, making 
patents the most relevant and important form of IPR. 
Moreover, we found that there is a growing trend toward taking the 
portfolio perspective in IPM research. The concept of patent portfolio was first 
proposed by Parchomovsky and Wagner in 2005, and defined as a collection of 
related patents owned by a single entity (Parchomovsky and Wagner 2005). 
According to the patent portfolio theory, the true value of patents lies not in 
their individual worth, but in their aggregation into a patent portfolio. Later 
research has embraced this view by examining different characteristics of firms’ 
patent portfolios and their performance impacts (Andreas and Stelian 2012, 
Blind, Cremers et al. 2009, Ernst and Omland 2011, Lin, Chen et al. 2006, 
Siebert and von Graevenitz 2010, Srinivasan, Lilien et al. 2008). For example, 
the study by Lin et al. (2006) examines the diversity of firms’ patent portfolios 
and how it affects firm value. Using a sample consisting of top US patent 
assignees, the authors concluded that diversity in patent portfolio is negatively 
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related to firm value. Furthermore, a recent study by Ernst and Omland (2011) 
incorporated the portfolio perspective in patent valuation. Unlike prior literature 
which has largely focused on estimation of the value of a single patent, they 
proposed a more comprehensive methodology for evaluation of firms’ patent 
portfolios. Looking into the future, we can expect to see more studies that adopt 
the portfolio perspective in IPM research. 
Last but not least, we found that there is a lack of research on patent 
strategies of small firms (notable exceptions are: Gick 2008, Helmers and 
Rogers 2011, Lanjouw and Schankerman 2004, Leiponen and Byma 2009, 
Mann and Sager 2007, Olander, Hurmelinna-Laukkanen et al. 2009, Olsson and 
McQueen 2000). Of all the articles covered in our bibliometric analysis, less 
than 1% have focused on small firms. Moreover, among the few papers that 
examined patenting in small companies, even fewer took a portfolio perspective. 
The vast majority of existing IPM studies have focused on patent strategies in 
large established firms, while far less is known about how small firms should 
develop their patent portfolios in order to achieve sustainable competitive 
advantages. This is surprising given the fact small firms make a significant 
contribution to the global economies. 
For small companies, particularly those competing in technology-
intensive sectors, a significant part of their value resides in their intellectual 
properties. Therefore, developing a strong patent portfolio is crucial for the 
growth and survival of small firms. Unlike large established firms where patent 
filing and maintenance has become part of the organizational routine, most 
small firms are still in the early stages of developing their patent strategies 
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(Harrison, Sullivan et al. 2012). For example, Olsson and McQueen conducted 
a survey on small computer software producing companies in Europe in the late 
1990s, and the results indicated that, even though small firms have relatively 
good formal patent knowledge, their strategic patent knowledge is very limited 
(Olsson and McQueen 2000). According to Helmers and Rogers (2011), the 
patent system is intended to encourage the formation of new firms based on 
technological inventions and to rectify the appropriability problem, especially 
when the firm is new and small. They also found empirical evidence that patents 
help small firms to grow faster than their non-patenting counterparts. However, 
current research on IPM issues in small firms remains very limited, which 
provides little guidance for managers and practitioners. In future IPM research, 
more attention should be paid to small firms and how they should develop their 




Chapter 3  
Technological diversity and performance of small firms: the 
moderating role of knowledge base homogeneity7 
3.1. Introduction 
Over the past few decades, there has been ongoing debate in strategy research 
regarding the performance impact of technological diversification (Ramanujam 
and Varadarajan 1989). The pioneering study by Granstrand and Oskarsson 
(1994) defined technological diversification as “the corporation’s expansion of 
its technological competence into a broader range of technological areas”, and 
used the term “technological diversity” to refer to the degree of technological 
diversification. Despite decades of research efforts, the performance implication 
of technological diversification remains unclear (Hoskisson and Hitt 1990). 
Some scholars argue that technological diversity contributes to firm 
performance through economies of scope and risk reduction (Granstrand 1998, 
Suzuki and Kodama 2004). According to Granstrand and Oskarsson (1994), 
technological diversification is the driving force for corporate growth, and 
allows firms to benefit from cross-fertilization between different technological 
fields. Moreover, by engaging in multiple technological fields, firms are able to 
reduce the risks and uncertainties inherent in the Research and Development 
(R&D) process (Garcia-Vega 2006, Scherer 1999). Empirical studies have lent 
support to this argument by showing that technological diversity has a positive 
effect on firm performance (Chiu, Lai et al. 2008, Gambardella and Torrisi 1998, 
                                                          
7 An earlier version of the paper was presented at 2016 IEEE International Conference on 
Engineering, Technology and Innovation (ICE 2016), Trondheim, Norway. 
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Garcia-Vega 2006, Miller 2006, Nesta and Saviotti 2005). Other scholars, 
however, hold the opposite opinion and propose a negative relationship between 
technological diversity and firm performance. They argue that technological 
diversification increases management costs for coordination and integration 
(Breschi, Lissoni et al. 2003). Furthermore, the lack of technological focus may 
prevent firms from nurturing their core competencies (Prahalad and Hamel 
1990). Several empirical studies support this argument by demonstrating that 
there is a negative relationship between firms’ technological diversity and 
performance (Amit and Livnat 1988, Berger and Ofek 1995, Denis, Denis et al. 
1997, Lang and Stulz 1994, Lerner and Jaffe 2001, Lin, Chen et al. 2006, Lins 
and Servaes 1999, Rajan, Servaes et al. 2000, Rumelt 1982). Due to the mixed 
results generated by prior studies, existing literature has been inconclusive 
regarding the performance impact of technological diversity. As a result, current 
research is limited in its practical implications for firms’ technological 
diversification strategies. 
Despite a huge body of prior research, existing studies on technological 
diversification have primarily focused on large established firms. The 
performance impact of technological diversity on small firms has received scant 
attention to date. According to Qian (2002), small firms generally lack the 
resources necessary to sustain a large-scale R&D operation and diversify into 
multiple technological areas. Moreover, small firms are often limited in their 
abilities to acquire and assimilate new knowledge (Zahra and George 2002). 
Due to constraints in their resources and absorptive capacity, the costs of 
technological diversification are likely to be more prominent for small firms. 
Nevertheless, we have seen many small firms with significant innovations in 
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multiple technological fields. For instance, The Medicines Company, a US-
based biotechnology start-up, provides an example of technological 
diversification as a small firm. Founded in 1996, the firm has successfully 
diversified into areas ranging from cardiovascular care, surgery and 
perioperative care, to infectious disease care. This challenges the traditional 
notion which suggests that small firms should stay focused and concentrate on 
a narrow set of technological areas (Qian 2002). The way in which these small 
firms have managed to overcome the constraints and benefit from technological 
diversity is worthy of closer research examination. 
Existing literature on technological distance and firm performance is 
still limited in at least one aspect: prior research in technological diversity has 
focused almost exclusively on the diversity of firms’ innovative outputs, while 
neglecting the knowledge bases underlying these innovations. As pointed out 
by Brusoni et al. (2001), firms know more than they make. Existing studies 
define technological diversity as the level of diversification in firms’ 
technological accomplishments, often reflected by the distribution of patents or 
sales across different technological areas. However, the knowledge bases that 
laid the foundation for these innovations are often overlooked. According to 
recombinant search literature (Fleming 2001, Yayavaram and Ahuja 2008), 
firms generate innovations through recombination of multiple knowledge 
elements (Fleming 2001, Grant 1996b). Therefore, when investigating the 
performance impact of technological diversification, it is inadequate to look 
solely at the level of firms’ innovative outputs. In order to form a more 
comprehensive understanding of the diversification-performance linkage, we 
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need to dig one level deeper and examine how firms recombine across different 
knowledge bases to generate innovations in multiple technological fields.  
In order to address the limitation in prior research, we developed the 
concept of knowledge base homogeneity (KBH), defined as the extent to which 
firms’ innovations are built upon similar sets of knowledge bases. Although 
existing literature has been inconclusive regarding the exact effect of 
technological diversity, it is generally acknowledged that technological 
diversity brings both benefits and costs. In this study, we take a contingency 
perspective and explore under what circumstances would technological 
diversity contributes to firm performance. We argue that high levels of KBH 
enhance the benefits of technological diversity by improving the potential of 
cross-fertilization across different technological fields. Moreover, at high levels 
of KBH, the costs associated with increased technological diversity are 
mitigated, since high homogeneity in a firm’s knowledge base allows the firm 
to build core competence in the specific knowledge domain and reduce 
management costs in coordination and integration. 
We tested our hypotheses on a sample of small biotechnology firms 
established between 1994 and 2004. The regression results indicate that the 
effect of technological diversity on firm performance depends on the level of a 
firm’s KBH. More specifically, technological diversity enhances performance 
when the knowledge bases underlying a firm’s technological innovations are 
homogeneous in nature. By contrast, when a firm’s innovations are built upon 
heterogeneous knowledge bases, diversification would have a negative impact 
on performance. Therefore, the empirical results support our hypotheses that 
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high KBH enhances the benefits and mitigates the costs associated with 
increased technological diversity. 
This study contributes to existing literature by highlighting the 
important role of KBH. While technological diversification brings both benefits 
and costs, the performance implication of technological diversity depends on 
the level of a firm’s KBH. We also provide managerial implications for small 
firms in customizing their diversification strategies. Before making decisions 
regarding technological diversification, managers need to carefully exam the 
knowledge bases and knowledge recombination behaviors of the firm. For firms 
with highly homogeneous knowledge bases, a more diversified technological 
portfolio is desirable to enhance firm performance. For firms that developed 
their innovations from relatively heterogeneous knowledge bases, it is more 
important to remain focused and concentrate their technological capabilities on 
the core fields. 
The remainder of this paper is organized as follows: In the next section, 
we first present a literature review on technological diversity and performance. 
Then we introduce the concept of KBH and develop our hypotheses. After that, 
we describe the sample and data, as well as the empirical methods used in our 
study. Results and discussions are included in Section 3.4, while Section 3.5 
concludes with the contributions and limitations of this study. 
3.2. Literature review and hypotheses development 
3.2.1. Technological diversity and performance 
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There has been a long-standing debate over the relationship between 
technological diversity and firm performance. Numerous empirical studies have 
been conducted which yield mixed findings. Some scholars argue that 
technological diversity has a positive impact on firm performance. According 
to Granstrand and Oskarsson (Granstrand and Oskarsson 1994), different 
technologies have the potential to cross-fertilize other technologies, leading to 
new inventions or enhanced performance of existing technologies. Diversified 
firms are able to benefit from the cross-fertilization effect when knowledge from 
one technological field can be applied to the technological development in 
another field (Breschi, Lissoni et al. 2003). As one of the largest  manufacturers 
of electronics equipment, the technological cross-fertilization within Canon 
serves as a case in point (Suzuki and Kodama 2004). In the 1930s, Canon 
entered the industry as a camera manufacturer. The technological strengths 
Canon developed in optical and microelectronic technologies were then 
extended to the development of printers, copiers, and semiconductor 
manufacturing equipment, which has allowed the firm to successfully expand 
its competitive positions in these areas (Leten, Belderbos et al. 2007). Hence, a 
broad, diversified technological portfolio enhances the innovative performance 
of the firm through cross-fertilization and technological fusion (Kodama 1986, 
Kodama 1992). 
Moreover, technological diversification reduces the risks and 
uncertainties inherent in R&D projects. Typically, only half of all technological 
projects undertaken by a firm are successful (Scherer 1999). For firms in the 
biotechnology industry, the failure rates of early-stage R&D projects are even 
higher. In fact, very few projects are able to generate successful products and 
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enter the market (Blaine 2013, PhRMA 2015). Due to the extremely lengthy 
and costly R&D process, technological investment in the biotechnology 
industry entails very high risks (Sternitzke 2013). Therefore, by spreading their 
technological competences into multiple areas, firms are able to reduce the risks 
inherent in R&D projects (Chiu, Lai et al. 2008, Garcia-Vega 2006, 
Parchomovsky and Wagner 2005). In addition, with a broader technological 
portfolio, firms are better prepared to seize emerging technological 
opportunities arising from scientific breakthroughs (Nelson 1959), thus 
reducing the risk of being locked-in and missing new technological possibilities 
(Henderson and Clark 1990, Suzuki and Kodama 2004). In sum, this stream of 
literature argues that technological diversity contributes to firm performance 
through cross-fertilization and risk reduction. Many empirical studies have lent 
support to this argument by showing a positive relationship between firms’ 
technological diversity and performance (Chiu, Lai et al. 2008, Gambardella 
and Torrisi 1998, Garcia-Vega 2006, Miller 2006, Nesta and Saviotti 2005). For 
example, using a sample of over 500 US firms, the study by Miller (2006) 
indicates that technological diversity has a positive effect on the market value 
of the firm. In a similar vein, Garcia-Vega (2006) also demonstrated, for a 
sample of 544 firms from 15 EU countries, that innovative performance 
increases with the technological diversity of the firm.  
Other scholars, however, hold the opposite opinion and propose a 
negative relationship between technological diversity and firm performance. 
Drawing on the capability-based view of corporate strategy, they argue that 
firms should concentrate only on technological fields that they can do best 
(Barney 1991, Porter 1985). Due to lack of focus, diversified firms may not be 
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able to nurture the core competencies required to generate sustainable 
competitive advantage in any specific technological domain (Prahalad and 
Hamel 1990). Furthermore, increased technological diversity would raise 
internal governance costs and lead to difficulties in management (Jones and Hill 
1988, Qian 2002). More specifically, firms with a more diversified 
technological portfolio are likely to bear higher integration, coordination, and 
communication costs (Katila and Ahuja 2002, Lin, Chen et al. 2006). The 
disadvantages of technological diversity are even more prominent for small 
firms when compared to larger firms. On the one hand, small firms are typically 
resource-constrained. The resources and management attentions required for 
sustaining a diversified R&D portfolio may distract the firm from building its 
core competencies (Qian 2002). On the other hand, small firms often lack 
sufficient knowledge stock required to acquire and assimilate the knowledge 
necessary for multi-disciplinary R&D. Thus, technological diversification may 
impose a high level of pressure on firms’ absorptive capacity and become 
detrimental to the performance of small firms (Cohen and Levinthal 1990, Zahra 
and George 2002). 
This stream of literature argues that technological diversity is negatively 
related to firm performance, which was also supported by the empirical research 
that followed (Amit and Livnat 1988, Lerner and Jaffe 2001, Lin, Chen et al. 
2006, Rumelt 1982). For example, the study by Comment and Jarrell (1995) 
showed that corporate focus is consistent with shareholder wealth maximization. 
In addition, many studies in financial economics have also found a 
“diversification discount” (Berger and Ofek 1995, Denis, Denis et al. 1997, 
Lang and Stulz 1994, Lins and Servaes 1999, Rajan, Servaes et al. 2000), 
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uncovering a negative relationship between firms technological diversity and 
financial performance. 
Although numerous studies have been conducted on this subject, no 
consensus has been reached as to about precisely how and when technological 
diversification can be beneficial to firm performance (Chatterjee and Wernerfelt 
1991). A few recent studies have been carried out aimed at resolving the 
ambiguities in prior research. Instead of using the linear model, some studies 
have adopted curvilinear models to better assess the nature of the 
diversification-performance relationship. For example, Palich et al. (Palich, 
Cardinal et al. 2000) found an inverted U-shaped relationship between 
technological diversity and firm performance, suggesting that a moderate level 
of technological diversity is optimal for improving performance. A later study 
by Leten et al. (2007) also found an inverted U-shaped effect of technological 
diversity on firm performance. Other studies have attempted to resolve the 
ambiguities by measuring diversity at different levels. For example, in the study 
by Lin et al. (2006), two different levels of technological diversification were 
examined: broad technology diversity (BTD), and core field diversity (CFD). 
BTD refers to the extent to which a firm diversifies its technological capability 
on a broadly defined first-level technology area. In contrast, CFD measures a 
firm’s technological diversity within its core technology area. The findings 
suggest that firms should concentrate on a specific first-level technology field. 
Moreover, firms without very high technology stocks, in particular, should 
remain focused even within their core technology field. 
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Despite these attempts to resolve the ambiguities in existing research, it 
remains unclear as to how and when technological diversity is beneficial to firm 
performance (Markides and Williamson 1994). Research on corporate 
diversification trajectories has found that firms extend their innovative activities 
in a non-random way (MacDonald 1985, Teece, Winter et al. 1994). More 
specifically, firms diversify their innovative activities across “fields that share 
a common knowledge base and rely upon common heuristics and scientific 
principles” (Breschi, Lissoni et al. 2003). Existing literature on the 
“diversification-performance” relationship has focused almost exclusively on 
the diversity of firms’ innovative outcomes, as reflected in patents, products or 
revenues across different technological fields, while the knowledge bases 
underlying these innovations have received scant attention to date. We believe 
that one of the main reasons for the inconsistencies in prior research can be 
attributed to the neglect of knowledge bases. As we will discuss in the following 
section, the exact relationship between technological diversity and performance 
depends on how the firm configures and recombines across multiple knowledge 
bases to generate new innovations. 
3.2.2. Knowledge base homogeneity (KBH) 
According to Schumpeter (Schumpeter 1939), technological novelty arises from 
the recombination and synthesis of existing technologies (Fleming 2001, 
Hargadon and Sutton 1997). Firms develop new inventions through the process 
of technological search and experiment with new combinations to solve the 
technological problem. Therefore, an invention can be viewed as the result of a 
recombination of existing knowledge elements (Fleming 2001, Henderson and 
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Clark 1990, Yayavaram and Ahuja 2008). Furthermore, in the process of 
knowledge recombination, individuals and organizations can be seen as brokers 
in structural holes across knowledge in different domains (Hargadon and Sutton 
1997). As defined by economic scholars, knowledge is a common type of public 
good which is non-excludable and non-rivalrous in nature (Demsetz 1967, 
Hardin 1968). Even though legal measures (such as patents, trade secrets, etc.) 
may offer certain protection over proprietary knowledge, it is still subject to the 
threat of imitation and unintended spill-over (Granstrand and Holgersson 2013). 
Therefore, the key to sustainable competitive advantage is not knowledge per 
se, but the organization’s capability to achieve flexible integration across 
multiple knowledge bases (Grant 1996b), which was termed the “combinative 
capability” by Kogut and Zander (1992). 
From the knowledge recombination perspective (Fleming 2001), in 
comparing the underlying knowledge bases for invention X and invention Y, 
the level of overlap may vary from one (i.e. X and Y are built upon identical 
knowledge bases) to zero (i.e. X and Y are built upon entirely different 
knowledge bases). This overlap reflects the level of similarity between the 
knowledge bases of the two inventions. Note that similarity in the knowledge 
bases is different from similarity in the applications of two inventions. In fact, 
two inventions which originate from highly heterogeneous knowledge bases 
may be aimed at solving the same problem. A simple example can be found in 
the treatment of breast cancer. Chemotherapy and targeted therapy are the two 
methods widely adopted by physicians in treating patients with breast cancer. 
In chemotherapy, general chemical drugs are given intravenously or orally. The 
drugs travel through the bloodstream and kill cells that grow and divide quickly 
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(which may or may not be cancer cells). In contrast, targeted therapy drugs 
identify cancer cells by recognizing the programming that makes the cell 
different from normal cells. Although both technologies are used to treat breast 
cancer, the mechanisms and underlying knowledge bases could not be more 
different. Alternatively, inventions that are built upon similar knowledge bases 
may ultimately be applied to very different uses. Take nanoparticles and their 
applications as an example. As nanoparticles have a greater surface area per 
weight than larger particles, they are more reactive to other molecules. This 
characteristic of nanoparticles allows them to have applications in many 
different fields. Recent research has shown that polymer-coated iron oxide 
nanoparticles can be used to break up clusters of bacteria. As they react faster 
to bacteria, the use of nanoparticles would potentially become a more effective 
treatment for chronic bacterial infections. This characteristic of nanoparticles 
has also led to their wide application in environmental science. For instance, 
photocatalytic copper tungsten oxide nanoparticles can be used to break down 
oil into biodegradable compounds. The use of nanoparticles in cleaning oil spills 
has proved to be much more efficient than the use of traditional chemicals as 
the nanoparticles provide a higher surface area for reaction. Both the above 
applications are developed upon the basic characteristics of nanoparticles, yet 
the end uses of these applications may vary considerably.  
Following this rationale, the strength of the tie between different 
inventions can be seen as the level of similarity between their knowledge bases. 
Aggregated onto the organizational level, we can observe the level of 
knowledge base similarities between all inventions within the firm’s portfolio. 
Previous research suggests that when faced with new technological problems, 
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firms differ in their behaviors when searching for solutions (March 1991, 
Nelson and Winter 1982). According to Katila and Ahuja (2002), in the process 
of technological search, some firms may use certain knowledge elements 
repeatedly while others may use them only once. In other words, some firms 
may rely on similar sets of knowledge components for each new invention, 
while others may adopt a very different recombination of knowledge elements 
for different innovations. In order to capture this variance in firms’ 
technological search process, we developed the concept of knowledge base 
homogeneity (KBH), defined as the degree to which different innovations 
generated by the firm draw upon similar sets of knowledge bases. To provide a 
more intuitive illustration of this concept, we use two firms from our sample as 
an example in Figure 3.1. Both firms have six patents granted at the time of data 
collection. In this chart, each node represents a technology class as indexed by 
3-digit UPC (US patent classification). The size of the nodes reflects the number 
of the firm’s patents assigned to the specific technology class. Lines between 
nodes represent the level of KBH between two technology classes, with thicker 
lines indicating a higher level of KBH. As shown in the figure, both firms’ 
patent portfolios cover four technological fields. However, the two firms exhibit 
very different levels of KBH across the technological fields. Firm A has a very 
high level of overall KBH and its innovations in each technological field share 
certain levels of common knowledge bases. In contrast, firm B exhibits a 
relatively low level of KBH. The overlap in knowledge bases is high only 
between innovations in technology classes 530 and 436, and there are no shared 
knowledge bases between innovations in class 435 and any other technology 
class.   
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Firms diversify by generating innovations in different technological 
fields. The innovative outcomes can further be viewed as the result of 
technological search and knowledge recombination. Therefore, when 
examining the performance impact of technological diversity, it is inadequate 
to look solely at the end use of firms’ innovative outcomes. To form a more 
comprehensive understanding of the relationship between technological 
diversity and firm performance, more attention should be paid to examining 
how firms recombine multiple knowledge bases in developing these innovations. 
In fact, discussed in the following section, differences in firms’ KBH will affect 
the costs and benefits of technological diversity in different ways. 
 
Figure 3.1 Example of KBH 
Hypothesis 1: The effect of technological diversity on performance is 
contingent on the level of firm’s knowledge base homogeneity. 
3.2.3. Interaction between technological diversity and knowledge base 
homogeneity 
As discussed in Section 3.2.1, technological diversification contributes to firm 
performance through cross-fertilization between different technological fields. 
However, for the cross-fertilization effect to occur, there needs to be some 
synergies among different technological fields (Granstrand and Oskarsson 
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1994). A higher level of KBH implies that different technological innovations 
of the firm share common knowledge bases, rely on common scientific 
principles, or have similar heuristics of search (Breschi, Lissoni et al. 2003, 
Leten, Belderbos et al. 2007). According to the knowledge based theory of the 
firm, the efficiency of knowledge recombination and integration is determined 
by the commonality of knowledge bases (Grant 1996b). A firm is able to 
achieve economies of scope in R&D when its technological resources are 
exploited across different technological fields (Teece 1982). Therefore, the 
more homogeneous the knowledge bases of a firm, the greater is the potential 
for technological cross-fertilization (Rumelt 1974).  
In contrast, technologies developed upon highly heterogeneous 
knowledge bases offer little potential for synergy (Grant 1988, Qian 2002). For 
example, a firm that diversifies into pharmaceutical drugs targeted at different 
human diseases would possess common knowledge in basic cell biology. This 
commonality of knowledge would be much higher than a firm that diversifies 
into, say, treatment for human diseases and plant pathology. As a firm with high 
KBH builds its inventions upon similar sets of scientific and technological 
knowledge, it would benefit from higher knowledge integration efficiency. 
Therefore, the synergies and cross-fertilization effect of diversification are best 
enacted at high levels of KBH (Breschi, Lissoni et al. 2003, Leten, Belderbos et 
al. 2007, Nesta and Saviotti 2005). 
Hypothesis 1a: The positive effect of technological diversity is enhanced 
when KBH is high. 
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There are two major drawbacks associated with technological 
diversification. First, extensive diversification may prevent the firm from 
nurturing its core competencies (Prahalad and Hamel 1990). For a firm with 
high levels of KBH, however, even though the application or end use of their 
innovations might be diversified, the underlying knowledge bases remain 
coherent. When KBH is high, the firm’s innovative outcomes in different 
technological fields would share a high level of common knowledge bases. By 
recombining certain knowledge elements repeatedly, the firm is able to deepen 
its technological competence in the specific knowledge domain (Lin, Chen et al. 
2006), thereby building the core competence required for sustained competitive 
advantages.  
The second drawback of high technological diversity pertains to the 
increase in managerial costs (Granstrand 1998). As a firm diversifies into 
multiple technological fields, it generates the costs of coordinating and 
integrating technological knowledge across disciplinary frontiers. According to 
Nesta and Saviotti (2005), coordination costs should be an inverse function of 
the relatedness between different technologies. In other words, the costs 
associated with managing a portfolio of R&D activities should decrease as the 
diversified technologies draw upon similar sets of knowledge bases. The more 
isolated a firm’s technologies are, in terms of the underlying knowledge bases, 
the more difficult it is to manage the entire portfolio. A high level of KBH 
indicates that the firm’s technologies are developed from recombinations of 
similar sets of knowledge bases, which incurs lower coordination and 
integration costs. In sum, higher levels of KBH would mitigate the costs 
associated with increased technological diversity. 
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Hypothesis 1b: The negative effect of technological diversity is 
mitigated when KBH is high. 
3.3. Data and methods 
3.3.1. Sample and data collection 
We drew our sample from the BioScan Directory (2014), which consists of 
2,268 biotechnology and pharmaceutical firms. As the focus of our study is on 
small start-up firms, we narrowed down to publicly traded biotechnology firms 
established between 1994 and 2014, which yielded 294 firms as the initial 
sample. In constructing the dataset for statistical analysis, three types of data 
were combined. First, we obtained patent data from Thomson Innovation for the 
294 firms in the initial sample. For each firm, we searched for its US issued 
patents with application dates earlier than December 31, 2014, and were 
assigned to one of the seven US patent classes8 relevant to biotechnology (Table 
2.1). The patent classes were chosen according to the USPTO Technology 
Profile Reports used in the study by Lim (2004) and the descriptions were drawn 
from the USPTO website9. Following this procedure, 66 firms were removed 
from the initial sample as no patent data was identified for those firms. 
  
                                                          
8 We look at the 3-digit main UPC group for each patent 
9 http://www.uspto.gov/web/patents/classification/, Retrieved 2016-06-01 
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Table 3.1 US Patent Classes Relevant to Biotechnology 
Class Description 
424 Drug, bio-affecting and body treating compositions 
435 Chemistry: molecular biology and microbiology 
436 Chemistry: analytical and immunological testing 
514 Drug, bio-affecting and body treating compositions 
530 Chemistry: natural resins or derivatives; peptides or proteins; 
lignins or reaction products thereof 
536 Organic compounds 
800 Multicellular living organisms and unmodified parts thereof and 
related processes 
 
Secondly, we retrieved data on firms’ alliance activities from 
Recombinant Capital (ReCap) Database. There are 26 types of alliances listed 
in ReCap (see Table 3.2). For our analysis, we focus on R&D alliances only, 
which corresponds to alliance type 4, 6, 9, and 20 (Subramanian, Lim et al. 
2013). 
Finally, financial data of the firms was collected from Compustat. We 
excluded 26 firms for which financial information was not available. After the 
data collection procedure, we compiled a dataset consisting of 202 small 




Table 3.2 Type of Alliances in ReCap 
S/N Alliance Type 
1 Acquisition 










12 Joint Venture 















3.3.2. Dependent variable 
Our dependent variable is the total number of R&D alliances formed by the 
focal firm prior to 2014 (R&D alliances). We used R&D alliances as a proxy 
for firm performance for two reasons. First, as demonstrated by existing studies, 
the ability to forge partnerships is crucial to the survival and growth of 
biotechnology firms (Calabrese and Silverman 2000, Shan, Walker et al. 1994). 
In fact, R&D alliances with other organizations contributes to firm performance 
by spreading out costs and risks involved in the R&D process and promoting 
inter-organizational learning (Calabrese and Silverman 2000, Decarolis and 
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Deeds 1999, Powell, Kogut et al. 1996, Stuart, Hoang et al. 1999). In seeking 
potential alliances, firms choose partners with technological capabilities that 
they deem as valuable (Rothaermel 2002). Therefore, the ability to form R&D 
alliances would reflect the quality of the firm and its technologies (Hoenig and 
Henkel 2015). Secondly, since the commercialization process of biotechnology 
innovation is extremely lengthy (Girotra, Terwiesch et al. 2007, Sternitzke 
2013), at the time of this research most firms in our sample did not yet have a 
track record of financial performance. Thus, the ability to form R&D alliances 
with other companies would serve as a more appropriate measurement for firm 
performance. 
3.3.3. Independent variables 
3.3.3.1. Technological diversity 
The diversity measurements used in prior studies can be generally divided into 
four types: simple count, categorical, entropy index and concentric index 
(Robins and Wiersema 2003). Earlier research has used count or categorical 
variables to measure technological diversification. These studies either count 
the number of technological fields covered by a firm’s portfolio (Miller 2006), 
or use categorical variables to distinguish single-business firms from diversified 
firms (Rumelt 1982). Recent studies have adopted more advanced 
measurements, including the entropy index and the concentric index. The 
entropy index has often been adopted when diversity is calculated based on sales 
distribution across different product segments (Gemba and Kodama 2001, 
Palepu 1985). In this study, we focus on technological diversity, rather than 
business or product diversity. Therefore, patent data is a more appropriate 
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reflection. The most widely used method to measure diversity through patent 
data is the concentric index on the distribution of patents across different 
technological classes (also known as Herfindahl–Hirschman Index, or HHI) 
(Chiu, Lai et al. 2008, Gambardella and Torrisi 1998, Garcia-Vega 2006, Hall, 
Jaffe et al. 2001, Huang and Murray 2009, Ziedonis 2004). In our research 
context, we focus only on the aforementioned seven UPCs that are relevant to 
the biotechnology industry. If firm 𝑖 has 𝑁𝑖 patents in total and 𝑁𝑖𝑗 of them were 
assigned to technological field j (main UPC), such that ∑ 𝑁𝑖𝑗
7
𝑗=1 = 𝑁𝑖, then the 
variable of technological diversity (Tech Diversity) can be calculated using the 
following formula: 







The value of technological diversity ranges from zero to one, with a 
higher value implying a higher level of diversification. Technological diversity 
takes the value of zero when the focal firm focuses exclusively on one 
technology field. 
3.3.3.2. Knowledge base homogeneity 
Knowledge base homogeneity (KBH) measures the degree to which a firm’s 
innovations draw upon similar sets of knowledge bases. While the patents 
granted to a firm represent its innovative outcome, the underlying knowledge 
bases can be reflected by the backward citations made by these patents. In 
bibliometric research, the level of knowledge base similarity between two 
articles is measured by the proportion of shared references between them. This 
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method was  termed “bibliographic coupling” (Kessler 1963a, Kessler 1963b) 
and was widely used to reveal the current research landscape of a particular field 
(Boyack, Klavans et al. 2005, Peters, Braam et al. 1995). Following this 
rationale, the proximity of the knowledge bases underlying two patents can be 
measured by the level of overlap in their backward citations. Aggregated onto a 
firm level, we calculate the homogeneity of a firm’s knowledge bases as the 
average percentage of shared backward citations between its patents across 
different technology fields. More specifically, we carried out the following 
procedures to calculate the KBH for each firm in our sample: 
1) We first classified the patents of each firm into different groups based 
on its main UPC (3-digit US patent classification). 
2) For each patent group, we then listed down all the backward citations 
made by the patents in this group and removed duplicates. The total number of 
distinctive backward citations for each group was documented accordingly. 
3) We then used BibExcel to calculate the number of shared backward 
citations between each pair of patent groups (Persson 2009). 
4) After that, we calculated the Jaccard coefficient for each pair of patent 
groups using the following formula (Small 1973): 
𝑝𝑥𝑦 =
𝑐𝑥𝑦
𝑐𝑥 + 𝑐𝑦 − 𝑐𝑥𝑦
 
In the above formula, 𝑝𝑥𝑦 stands for the Jaccard coefficient between 
patent group 𝑥  and patent group 𝑦. 𝑐𝑥  and 𝑐𝑦  represents the total number of 
distinctive backward citations made by patents in group 𝑥  and group 𝑦 
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respectively, and 𝑐𝑥𝑦  represents the number of shared backward citations 
between group 𝑥 and group 𝑦. 
5) After calculating the Jaccard coefficient for all the group pairs within 
the firm’s patent portfolio, we have constructed a matrix in the following format 
(Figure 3.2).  
 G1 G2 G3 G4 … Gn 
G1  p12 p13 p14 … p1n 
G2   p23 p24 … p2n 
G3    p34 … p3n 
G4     … p4n 
…      … 
Gn       
Figure 3.2 KBH Matrix 
Let 𝑛 denote the total number of groups within the patent portfolio of 




, group pairs among these 𝑛 groups. Thus, 
dividing the sum of 𝑝𝑥𝑦 by the total number of group pairs gives the average 
Jaccard coefficient for all group pairs, which leads to our measurement of KBH 





The value of KBH ranges from zero to one. A higher value of KBH 
implies that the focal firm draws upon highly homogenous knowledge bases in 
developing its innovations. KBH takes the value of one when all innovations of 
the firm are based on an identical set of knowledge elements. In contrast, KBH 




3.3.4. Control variables 
The performance of the firm, as measured by its ability to form R&D alliances 
with other organizations, is affected by many factors other than technological 
diversity. Therefore, we included a series of firm level control variables to 
account for firms’ heterogeneities in other aspects. First, according to the study 
by Rothaermel (2002), firms with larger patent portfolios and higher R&D 
intensities are likely to be more attractive to potential alliance partners. 
Therefore, we used the total number of patents granted to the firm prior to 2014 
to control for the firm’s technological stock (Tech Stock). We also controlled 
for firm’s R&D intensity by dividing its R&D expenditure by sales (R&D 
Intensity).  
Secondly, we expect firms that have been established for a longer time 
period and firms that are larger in size would be likely to form more alliance 
activities. Therefore, we included a control variable for firm age, as measured 
by the number of years lapsed since the firm was founded (Firm Age). Moreover, 
we controlled for firm size using two variables: the total number of its 
employees (Employee) and the amount of total assets (Assets). 
Furthermore, to account for geographical differences, we included two 
dummy variables indicating the location of the firms’ headquarters (Asia Pacific, 
European). We also included six dummy variables to account for firms’ 
activities in each of the subfields within the biotechnology industry (the UPC 
dummy takes the value of one if the focal firm has at least one patent granted in 
the particular technology class). Logarithm forms were used for technology 
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stock, firm age, number of employees and total assets to account for unequal 
variation. 
3.3.5. Descriptive statistics 
Table 3.3 reports the pairwise correlations between variables used in this study. 
As can been seen from the table, the technology stock, and firm size (both 
employees and assets) are positively correlated with the number of R&D 
alliances. These correlations suggest that, all else being equal, larger firms and 
firms with larger patent portfolios are able to form more research partnerships. 
3.4. Results 
As the dependent variable is the total number of R&D alliances formed by the 
focal firm prior to 2014, a count data model should be adopted. We used a 
negative binomial regression model as the dependent variable is over dispersed 
(Cameron and Trivedi 1998). In Table 3.4, we present the results of the negative 
binomial regression. To reduce the potential effects of multicollinearity, we 
centred the independent variable and the moderator before running the 
regressions. Model 1 includes only the control variables, and the main study 
variables are individually added to subsequent estimation models to show the 
added explanatory power of the variables. To test our hypotheses, we examine 




Table 3.3 Descriptive Statistics and Correlations 
S.no. Variables Mean SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
1 R&D alliances 12.13 12.81 1 
               
2 Tech Diversity 0.68 0.15 0.02 1 
              
3 KBH 0.17 0.2 -0.14* -0.12 1 
             
4 Tech Stock 1.32 0.45 0.40* 0.06 -0.10 1 
            
5 Firm Age 1.19 0.12 0.13 0.01 -0.21* 0.15* 1 
           
6 Employee 1.95 0.69 0.22* 0.09 -0.11 0.39* -0.06 1 
          
7 Assets 1.99 0.72 0.23* 0.10 -0.03 0.36* -0.17* 0.81* 1 
         
8 R&D Intensity 1.57 2.23 -0.11 0.01 0.01 -0.11 -0.09 -0.26* -0.20* 1 
        
9 Asia-Pacific 0.07 0.26 -0.03 -0.03 -0.05 0.15* -0.10 0.07 0.1 -0.05 1 
       
10 European 0.19 0.39 0.04 0.09 0.01 -0.10 0.01 -0.05 -0.01 -0.03 -0.14 1 
      
11 upc_424 0.75 0.43 -0.02 0.15* 0.01 0.13 0.11 0.02 0.13 0.07 -0.01 0.07 1 
     
12 upc_436 0.24 0.43 0.15* 0.24* -0.12 0.47* 0.05 0.22* 0.17* -0.10 0.10 0.05 -0.02 1 
    
13 upc_514 0.81 0.4 0.03 0.09 -0.10 0.12 -0.05 0.04 0.15* -0.03 0.09 -0.02 0.13 -0.10 1 
   
14 upc_530 0.42 0.49 0.22* 0.46* -0.19* 0.42* 0.07 0.22* 0.22* -0.16* 0.07 -0.04 0.13 0.32* 0.08 1 
  
15 upc_536 0.55 0.5 0.22* 0.32* -0.07 0.45* 0.04 0.13 0.06 0.03 -0.01 -0.04 -0.20* 0.23* -0.09 0.18* 1 
 





Table 3.4 Negative Binomial Regression: Technological Diversity, KBH on R&D Alliances 











































































































log likelihood -675.8390 -675.6788 -673.0545 -672.9930 -671.9740 
No. of observations 202 202 202 202 202 







3.4.1. Effects of control variables on performance 
Model 1 of Table 3.4 shows the effects of control variables on firm performance, 
as measured by the total numbers of R&D alliances formed by the focal firm. 
The coefficient estimate of technology stock is statistically significant (p<0.01). 
As expected, firms with larger patent portfolios are able to forge more research 
partnerships. 
3.4.2. Main effects of technological diversity on performance 
Model 2 and Model 3 of Table 3.4 present the main effect of technological 
diversity and KBH, respectively. In Model 4, both technological diversity and 
KBH were included. According to the results in Model 2-4, KBH has a 
significant negative effect on firm performance while the main effect of 
technological diversity is insignificant. This suggests that technological 
diversity alone does not explain the heterogeneity in firm performance. 
Moreover, firms that draw upon heterogeneous knowledge bases in developing 
their innovations are generally better performers in terms of alliance formation.  
3.4.3. Interaction effects of technological diversity and KBH on 
performance 
In Model 5, we test the effect of the interaction between technological diversity 
and KBH. The main effect of KBH remains negatively significant while the 
effect of technological diversity is still insignificant. For a more intuitive 
illustration, we plot the graph in Figure 3.3 based on the estimated coefficients 
in Model 5. As shown in the figure, technological diversity has a positive effect 
on performance when KBH is high. At low levels of KBH, however, the effect 
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of technological diversity on performance become negative. As discussed in 
previous sections, technological diversification brings both benefits and costs. 
When the firm’s technological innovations are built upon homogeneous 
knowledge bases, the benefits of technological diversity mitigate its costs. As a 
result, technological diversity would have a positive effect on performance at 
high levels of KBH. In contrast, if the firm’s technological innovations are 
developed through recombination of highly heterogeneous knowledge bases, 
the costs of technological diversity would outweigh the benefits, leading to a 
negative effect of technological diversity. In sum, our hypotheses have been 
supported by the regression results. 
 
Figure 3.3 Interaction between Technological Diversity and KBH10 
3.4.4. Robustness Check 
In the above models, R&D alliances have been used as an indicator of firm 
performance. For the purpose of robustness check, we tested the effect of R&D 
alliances on firms’ financial performance. In Table 3.5, the number of R&D 
                                                          
10 The graph is based on statistics from Model 5. 
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alliances formed by the focal firm is used as the independent variable, which 
the dependent variable is firms’ profitability (return on sales). Due to constraints 
of data availability, the robustness check was carried out on a partial sample. 
Table 3.5 Robustness Check: Linear Regression of R&D Alliances on 
Profitability 





































R-Squared 0.0922 0.1014 
No. of observations 182 182 





The results shown in Model 2 of Table 3.5 suggest that R&D alliances 
have a positive effect on firms’ profitability, which validates our use of R&D 
alliances as a performance indicator. 
3.5. Discussions and limitations 
3.5.1. Contributions and research implications 
In this study, we examined how KBH affects the relationship between 
technological diversity and performance. To some extent, our findings echo 
prior research which argues that related diversification outperforms unrelated 
diversification (Ansoff 1965, Bettis 1981, Lecraw 1984, Palepu 1985, Rumelt 
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1974, Singh and Montgomery 1987). This study takes the argument one step 
further by quantifying the level of knowledge relatedness of a firm’s 
technological portfolio and examining how it interacts with technological 
diversity in influencing firm performance. Existing research on technological 
diversification has identified both benefits and costs associated with 
technological diversification. On the one hand, technological diversification 
provides opportunities for cross-fertilization and reduces risks and uncertainties 
inherent in R&D projects. On the other hand, diversified firms face the 
challenge of increased management costs and failure to nurture core 
competencies due to lack of focus. Even though the benefits and costs of 
technological diversification are well acknowledged, no consensus has been 
reached regarding the exact effect of technological diversity on firm 
performance. 
Several studies have tried to resolve the ambiguities in existing research 
by taking a contingency perspective and examining factors influencing the 
relationship between technological diversification and firm performance. For 
example, using a sample consisting of large US technology enterprises, the 
study by Lin et al. (2006) tested the moderating effect of firms’ technology 
stocks. The results suggest that the negative effect of technological 
diversification is more prominent for firms with low technology stocks. 
Therefore, firms without high technology stocks should concentrate their 
technological competence on a small number of core areas.  Moreover, a recent 
study by Kim et al. (2016) proposed that the relationship between technological 
diversification and performance is conditioned by the level of firm’s 
competence in its core technology field. They tested their hypothesis on a 
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sample of Korean manufacturing firms. The empirical analysis revealed an 
inverted U-shaped relationship between technological diversity and rate of firm 
growth. Furthermore, the results suggest that firm-specific core-technology 
competence would alleviate the harmful effect of excessive technological 
diversification, thereby increasing the optimal level of technological diversity. 
Existing studies have examined several other factors that influence the 
performance impact of technological diversity, including a firm’s R&D 
intensity and capital intensity (Miller 2006), possession of specialized 
complementary assets (Chiu, Lai et al. 2008), the environmental conditions 
(stable versus dynamic) in which the firm operates (Lim, Das et al. 2009), and 
the capital structure (i.e. the relative mix of debt and equity) of the firm (O'Brien, 
David et al. 2014), etc. However, one important contingency that current 
research has overlooked is the knowledge bases underlying the firm’s 
technological portfolio. 
In this study, we managed to bridge this gap by developing the concept 
of KBH and examining its influence on the relationship between technological 
diversity and performance. According to the recombinant search literature 
(Fleming 2001, Yayavaram and Ahuja 2008), firms generate new inventions by 
recombining existing knowledge elements. We argue that the performance 
impact of technological diversity depends on how firms recombine across 
multiple knowledge bases in generating innovative outcomes in different 
technological fields. In searching for a solution to a technological problem, 
some firms tend to always rely on similar sets of knowledge elements. In 
contrast, other firms may turn to a very different recombination of knowledge 
components to solve different technological problems. This difference in 
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searching behaviors will ultimately lead to different levels of KBH, which will 
in turn lead to different performance impacts of technological diversification. 
Our hypotheses are supported by the empirical results. When firm’s KBH is 
high, the benefits of technological diversity mitigate its costs, resulting in a 
positive relationship between technological diversity and performance. 
However, at low levels of KBH, the costs of technological diversification 
outweigh its benefits, and technological diversity is negatively related to 
performance. 
Our research makes methodological contributions as well. In this study, 
we apply bibliometric techniques on patent data to reveal the underlying 
knowledge structure of firms’ innovative outputs. Although patent data has been 
widely used by scholars in strategy research, most studies have adopted patent 
measurements that are relatively descriptive in nature. This study provides an 
example of developing more advanced patent-based measurements through 
bibliographic coupling. Future research could follow similar approaches and 
develop patent-based measurements for various research contexts using 
bibliometric techniques.  
Finally, existing research on technological diversity and performance 
tends to focus on large established firms. As discussed in the previous sections, 
the costs of technological diversity are more prominent for small firms, owing 
to their resource constraints and undue pressure on absorptive capacity. 
Nevertheless, we still see many small firms successfully diversified into 
multiple technological areas. Therefore, when and how technological diversity 
can be beneficial to small firms is worthy of closer research examination. In this 
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study, we provide managerial implications with respect to small firms’ 
technological diversification strategies. Small firms with limited resources 
should maximize the return of technological diversification by choosing their 
direction of diversification carefully and extending their activities into 
technological fields that share a common knowledge base with their existing 
technology portfolios. Most managers and practitioners have come to realize the 
importance of reviewing the firm’s technological portfolio on a regular basis. 
However, the insights one can draw by examining a firm’s technological 
portfolio are limited without understanding the knowledge bases that the 
underlie firm’s technological outputs. To design the optimal diversification 
strategy, managers and practitioners need to take a closer examination at the 
knowledge base and knowledge recombination behaviors of the firm.  
3.5.2. Limitations 
Our research is subject to several limitations. First, firms may vary in their 
propensity to form R&D alliances with others. As we used alliance data to 
measure firm’s performance, our results may be biased toward firms that are 
more open to collaborations and firms that have made more effort in seeking 
external partnerships. We managed to alleviate this concern by adopting a more 
homogeneous sample. We set our research context to small biotechnology firms. 
In the biotechnology industry, R&D alliance is a prevalent means by which 
firms gain access to external knowledge, and the ability to form research 
partnerships is crucial to the growth and survival of small firms (Baum, Li et al. 
2000, Shan, Walker et al. 1994). 
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A second limitation pertains to the use of patent citation information in 
identifying the knowledge bases of an invention. Unlike citations in academic 
papers, patent citations carry legal implications and are sometimes included by 
patent examiners. A citation made by patent A to patent B does not always 
suggests that the inventor of patent A developed the focal invention based on 
the knowledge revealed in patent B. Despite these constraints, patent citation 
data have been widely used by many academic scholars as indication of 
knowledge flows (Narin, Noma et al. 1993, Nelson 2009, Thompson and Fox-
Kean 2005). We follow this approach while recognizing that the limitations of 
patent citation data may constrain the generalizability of our findings. 
Despite these constraints, we believe our research offers valuable 
insights into the relationship between technological diversity, KBH, and firm 
performance. In particular, our study resolves the tension in prior research by 
introducing the concept of KBH, suggesting that the performance impact of 
technological diversification is determined by the level of KBH. Technological 
diversity contributes to firm performance when the innovative outcomes of the 
firm are derived from homogeneous knowledge bases. However, at low levels 





Chapter 4  
Technological distance and small firms’ learning through 




In a highly dynamic technological environment, few firms possess all the 
internal capabilities required for successful and continuous innovation (Powell, 
Kogut et al. 1996). As a result, firms frequently turn to external sources to fulfill 
their knowledge requirements (Rosenkopf and Nerkar 2001). Prior research has 
demonstrated the importance of strategic alliance as a mechanism for learning 
and accessing external knowledge (Hagedoorn 1993, Hamel 1991, Inkpen 2000, 
Inkpen and Dinur 1998). For small companies, the ability to learn from alliance 
activities is crucial for the growth and survival of the firm. Unlike large 
established firms which are relatively more self-sufficient and inward-looking, 
small firms are limited in their knowledge stocks and therefore more reliant on 
external sources for knowledge acquisition (Almeida, Dokko et al. 2003, 
Almeida and Kogut 1997). In recent decades, small firms are increasingly 
involved in alliance activities aimed at promoting knowledge transfer and inter-
organizational learning (Baum, Li et al. 2000, Deeds and Hill 1996, Eisenhardt 
and Schoonhoven 1996). The actual learning effect, however, varies 
considerably across different alliances. Prior research has examined a number 
of factors that affect inter-organizational learning in strategic alliances, 
including alliance structure (Mowery, Oxley et al. 1996), geographical 
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proximity (Rosenkopf and Almeida 2003), similarities in organizational 
structure (Lane and Lubatkin 1998) and prior ties (Chung, Singh et al. 2000). 
Among all factors that potentially influence interfirm learning, the technological 
distance between alliance partners has received the most research attention from 
scholars as it directly affects the interfirm learning process (Lane and Lubatkin 
1998, Mowery, Oxley et al. 1996, Nooteboom, Van Haverbeke et al. 2007, 
Phelps 2010, Sampson 2007). 
Pioneering studies by Jaffe proposed that firms can be located at 
different positions in a multidimensional space based on their technological 
capabilities (Jaffe 1986, Jaffe 1989). The technological space is constructed 
such that firms with similar technological portfolios are placed close to each 
other (Stuart and Podolny 1996). The technological distance between two firms 
refers to the differences in their technological capabilities (Nooteboom, Van 
Haverbeke et al. 2007). Earlier research on the relationship between 
technological distance and interfirm learning tends to emphasize the loss of 
absorptive capacity caused by increased technological distance. This stream of 
research viewed technological distance as an obstacle that needs to be overcome 
in order for learning to occur (Mowery, Oxley et al. 1996, Stuart 1998). Other 
scholars took the opposite view and proposed that heterogeneity in firms’ 
technological capabilities creates more opportunities for learning and 
recombination (Nooteboom, Van Haverbeke et al. 2007). More recent research 
has combined both perspectives, suggesting that there are two opposing 
mechanisms at work in the relationship between technological distance and 
interfirm learning. Although increased technological distance indicates weak 
ties between alliance partners which provides access to knowledge with higher 
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novelty values (Burt 1992, Granovetter 1973), when the technological distance 
becomes too high, firms may not have the absorptive capacity necessary for 
learning to take place (Cohen and Levinthal 1990). The two opposing forces led 
to an inverted U-shaped relationship between technological distance and 
interfirm learning through strategic alliances, which has been corroborated by 
many empirical studies that followed (Gilsing, Nooteboom et al. 2008, Mowery, 
Oxley et al. 1998, Nooteboom, Van Haverbeke et al. 2007, Petruzzelli 2011). 
For small firms, both the benefits and costs of technological distance are 
more prominent. On the one hand, small firms are limited in their ability to 
assimilate external knowledge (Cohen and Levinthal 1990). As a result, they are 
likely to be more sensitive to the decrease in absorptive capacity caused by 
higher technological distance. On the other hand, the key to the competitive 
advantage of a small firm lies in the distinctiveness of its technological 
capabilities (Baum, Li et al. 2000). Therefore, small firms can barely benefit 
from alliances with partners of similar technological profiles. Faced with 
increased tensions, the selection of alliance partners presents a bigger challenge 
for small firms. In this paper, we investigate how small firms should evaluate 
and choose potential alliance partners in order to achieve effective learning. 
Despite the fact that numerous studies have been conducted on the relationship 
between technological distance and inter-organizational learning, we believe 
that existing literature is limited in at least one aspect. Most studies refer to 
technological distance as the distance in firms’ innovative outcomes, which is 
often reflected by patent or sales data. However, as pointed out by Brusoni et al. 
(2001), firms know more than they make. Prior research on technological 
distance has focused almost exclusively on what firms have accomplished, 
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while neglecting the knowledge bases that have laid the foundation for these 
innovations. We believe that the neglect of knowledge bases has limited our 
understanding in how technological distance influences inter-organizational 
learning.  
According to the recombinant search literature (Fleming 2001, 
Yayavaram and Ahuja 2008), firms generate new inventions by recombining 
existing knowledge elements. As successful learning requires the firm to 
recognize the value of external knowledge, assimilate it, and apply it to future 
recombinatory searches, we expect that the differences in firms’ knowledge 
bases and knowledge recombination behaviors would play an important role in 
the relationship between technological distance and learning. In this paper, we 
address the limitation in current research by adopting a contingency perspective 
and introducing the concept of knowledge base homogeneity (KBH) between 
firms. We define KBH as the extent to which the innovations of two firms are 
built upon similar knowledge bases. In line with prior studies, we first predict 
and test a baseline hypothesis that the technological distance between alliance 
partners has an inverted U-shaped effect on a small firm’s learning effect. Initial 
increases in technological distance will improve interfirm learning by 
increasing novelty value, but beyond a moderate level, the effect of 
technological distance will become negative, as firms may not possess the 
absorptive capacity required for successful learning. Furthermore, we posit that 
KBH between alliance partners will positively moderate the effect of 
technological distance on the learning effect of small firms. More specifically, 
higher levels of KBH would enhance the benefits of technological distance by 
ensuring the relevance of novel knowledge held by alliance partners and 
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facilitating the learning process. At the same time, a high KBH would mitigate 
the cost of increased technological distance and allows firms to maintain the 
absorptive capacity necessary for learning to occur. 
To test our hypotheses, we compile longitudinal data on the alliance 
activities of 201 small biotechnology firms during the period of 1996-2010. The 
biotechnology industry was chosen as the empirical setting for two reasons: first, 
strategic alliance is a prevalent means by which biotechnology firms pursue 
inter-organizational learning (Baum, Li et al. 2000, Deeds and Hill 1996, Powell, 
Kogut et al. 1996); and secondly, prior research has demonstrated the 
importance of knowledge recombination in developing successful 
biotechnology innovation (Hsu and Lim 2006, Subramanian 2012). The results 
are consistent with our theoretical expectations. We find that small firms’ 
learning effect is maximized when they ally with partners moderately distant 
from themselves in the technological space. Moreover, our results show that the 
relationship between technological distance and learning is positively 
moderated by the KBH between alliance partners. 
This study contributes to existing research on inter-organizational 
learning by showing how KBH and technological distance between alliance 
partners interact to influence small firms’ learning through alliances. Prior 
research on technological distance has focused solely on firms’ innovative 
outcomes, which reveals only a partial picture of the inter-organizational 
learning process. This study, however, looks beyond the level of firms’ 
innovative outputs and investigate the role of the underlying knowledge bases. 
Our results provide practical implications for small firms in choosing their 
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alliance partners and suggest that, rather than looking merely at the distance in 
innovative outputs, more attention should be paid to examining firms’ 
knowledge bases and knowledge recombination behaviors.  
The rest of this paper proceeds as follows. In the next section, we discuss 
the current literature and theories in technological distance and interfirm 
learning, which leads to the development of our hypotheses. This section is 
followed by a detailed description of the data, specification of variables, and the 
estimation method used in this study. The next two sections of the paper 
presents the empirical results and a concluding discussion of their implications. 
4.2. Theory and hypothesis development 
Even though a major reason for firms to enter into alliances is to learn from 
other organizations (Hamel, Doz et al. 1989), whether the actual learning takes 
place is not assured. In fact, the extent to which a firm learns from its alliance 
partner is affected by many factors. For example, using a sample of over 2000 
joint ventures and licensing agreements, Anand and Khanna (2000b) found that 
learning effects are stronger in equity-based joint ventures than in licensing 
contracts. Moreover, Lane and Lubatkin (1998) found evidence that similarities 
in the organizational structure and compensation practices between alliance 
partners are positively related to inter-organizational learning. In addition, 
geographical proximity was also found to be associated with an increased 
likelihood of knowledge transfer between alliance partners (Rosenkopf and 
Almeida 2003). Among all the factors that can potentially have an impact on 
learning, the most direct determinant of interfirm learning is the technological 
distance between alliance partners, which has also received the most research 
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attention in the past (Mowery, Oxley et al. 1996, Nooteboom, Van Haverbeke 
et al. 2007, Phelps 2010, Sampson 2007). 
4.2.1. Technological distance and learning through strategic alliances 
As one of the earliest studies on technological distance and interfirm learning, 
the paper by Mowery et al. in 1996 found that a firm’s absorption of 
technological capabilities through strategic alliance is positively related to its 
pre-alliance level of technological overlap with its partner (Mowery, Oxley et 
al. 1996). According to Cohen and Levinthal (1990), an organization needs to 
possess prior related knowledge in order to assimilate external knowledge. The 
ability to “recognize the value of new information, assimilate it, and apply it to 
commercial ends” was further defined as the absorptive capacity of the firm. 
Increased technological distance would lower a firm’s absorptive capacity and 
hinder inter-organizational learning. A later study by Lane and Lubatkin 
transformed the concept of absorptive capacity into a dyad-level construct, 
namely, the relative absorptive capacity, which refers to a firm’s ability to learn 
from another specific firm (Lane and Lubatkin 1998). They tested their theories 
on a sample of alliance activities in the biotechnology industry and the empirical 
results showed that technological proximity between firms contributes to inter-
organizational learning. Similarly, using alliance data of U.S. semiconductor 
firms, the study by Stuart (1998) also revealed that firms are better able to 
evaluate and assimilate the knowledge of technologically similar firms. In sum, 
this stream of research argued that increased technological distance between 
alliance partners will lead to decreased relative absorptive capacity, thereby 
reducing inter-organizational learning through alliances. For small firms, the 
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cost associated with increased technological distance would be even more 
severe. Due to limitations in their knowledge stock, small firms are relatively 
limited in their ability to assimilate distant knowledge (Cohen and Levinthal 
1990) and are therefore more sensitive to the decrease in absorptive capacity 
caused by higher technological distance. 
While earlier studies tend to view technological distance as an obstacle 
that needs to be overcome in order for learning to occur, later research has 
challenged this notion by proposing that technological distance also leads to 
opportunities for interfirm learning. The resource-based view of the firm 
suggests that heterogeneity in firms’ resources provides potential for learning 
and innovation (Ahuja 2000, Hagedoorn 1993, Powell, Kogut et al. 1996, 
Rowley, Behrens et al. 2000). According to Rosenkopf and Almeida (2003), 
alliances between technologically distant firms provide access to novel 
knowledge. They further supported their arguments with empirical results and 
demonstrated that interfirm learning through alliances increases with 
technological distance between alliance partners. In a similar vein, Phelps (2010) 
also found evidence that the technological diversity of a firm’s alliance network 
contributes positively to its innovation performance. By allying with firms that 
are technologically distant from themselves, firms are able to gain access to 
distinct capabilities, which encourages learning and innovation (Phelps 2010, 
Sampson 2007). In contrast, allying with firms of similar technological 
capabilities would lead to information redundancy and reduce the potential for 
learning. According to Baum et al., (2000), alliances are redundant to the extent 
that they provide access to the same information or capabilities (Ahuja 2000, 
Burt 1992, Gomes-Casseres 1994). In the extreme situation, when two firms 
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have identical technological capabilities, no learning would occur as neither 
firm has anything to learn from the other (Mowery, Oxley et al. 1998). The 
disadvantages of increased technological similarities between alliance partners 
are especially prominent for small firms. Since the key to competitive 
advantages for small companies lies in the distinctiveness of their technological 
capabilities, allying with firms whose technological profiles are similar to their 
own provides little added value. Furthermore, as a firm increases the number of 
alliance activities in which it is involved, it imposes greater burdens on 
management (Deeds and Hill 1996). Due to resource constraints and limitations 
in management’s ability to monitor alliance activities, a small firm can only 
engage in a limited number of alliances simultaneously. Therefore, the 
opportunities to learn novel knowledge provided by technological distant 
partners are more important for small firms. 
More recent research combined the two opposing views and proposed a 
curvilinear model of technological distance and learning. This stream of 
literature argues that, in the relationship between technological distance and 
inter-organizational learning, there are two opposing mechanisms at work: the 
ability to learn and the opportunity to learn (Nooteboom 1999). On the one hand, 
a firm’s ability to learn from its alliance partners decreases with technological 
distance due to loss of absorptive capacity (Cohen and Levinthal 1990, Lane 
and Lubatkin 1998). On the other hand, the opportunity to learn novel 
knowledge increases with larger technological distance between alliance 
partners (Rosenkopf and Almeida 2003). Therefore, a moderate level of 
technological distance is desirable to optimize inter-organizational learning. 
Although a certain level of technological overlap is necessary to facilitate 
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learning across firm boundaries, an overly high degree of technological 
similarity between alliance partners will lead to information redundancy and 
offer little added value (Gilsing, Nooteboom et al. 2008, Nooteboom, Van 
Haverbeke et al. 2007, Petruzzelli 2011, Wuyts, Colombo et al. 2005). The 
argument outlined above leads to the following hypothesis:  
Hypothesis 1: Technological distance between alliance partners has an 
inverted U-shaped relationship with learning. 
4.2.2. Knowledge base homogeneity between alliance partners 
According to Schumpeter (1939), technological novelty arises from 
recombination of existing technologies . The innovation process can therefore 
be viewed as a search process where new inventions are generated by 
recombining existing knowledge elements in novel ways (Fleming 2001, Kogut 
and Zander 1992). Current research on the relationship between technological 
distance and interfirm learning has focused almost exclusively on the outcomes 
of firms’ recombinant search, and has measured technological distance between 
firms by comparing patents or sales distribution across different technological 
fields (Gilsing, Nooteboom et al. 2008, Nooteboom, Van Haverbeke et al. 2007, 
Petruzzelli 2011, Rosenkopf and Almeida 2003, Shin and Jalajas 2010). In this 
paper, we argue that it is insufficient to look at firms’ innovative outputs alone; 
and that more attention should be paid to firms’ knowledge bases and 
knowledge recombination processes.  
Due to cognitive limits, a firm is able to consider only a small subset of 
the knowledge universe in their search process. This subset of knowledge is 
defined as the knowledge base of the firm (Yayavaram and Chen 2015). 
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Knowledge base is not a static concept as an organization constantly learns and 
adds new elements into its knowledge base. The expansion of knowledge base 
can be achieved through multiple means, including internal research and 
development (R&D) activities (Cohen and Levinthal 1990), formal or informal 
interactions with other organizations in the scientific community (Baum, Li et 
al. 2000), and the hiring of new research personnel (Rosenkopf and Almeida 
2003). According to the evolutionary theory, firms learn and evolve along 
different trajectories (March and Simon 1958, Nelson and Winter 1982). A 
firm’s current knowledge base is influenced by its historic participation in a 
specific product market, lines of R&D and other technical activities. The path-
dependent nature of the technological development process will ultimately lead 
to heterogeneity in the knowledge bases of different firms (Cohen and Levinthal 
1994, Dosi 1982, Rosenkopf and Nerkar 2001). Viewed from the perspective of 
recombinatory search, although the knowledge elements that can potentially be 
recombined (the knowledge universe) are the same for all firms, the elements 
that are actually considered for recombination (the knowledge base of the firm) 
differ across firms (Yayavaram and Ahuja 2008). 
In addition to the differences in knowledge bases, firms also differ in 
their understanding of the relationships between different knowledge elements. 
According to Yayavaram and Ahuja (2008), the pattern of underlying 
interdependence between knowledge elements is part of the natural world, 
which is the same for all firms. However, a firm’s understanding of these 
interdependencies at a given time is shaped by its past experience (Katila and 
Ahuja 2002). Given that firms have developed along different paths, each firm 
has formed a unique cognitive map of the natural world. This cognitive map 
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will then drive the firm’s decision-making in the process of recombinatory 
search. To the extent that the perceived interdependencies between knowledge 
elements vary across firms, this will lead to different knowledge recombination 
behaviors in the process of technological search. In sum, organizations differ in 
their knowledge bases, as well as their understanding of the interdependencies 
between knowledge elements. 
To capture the differences in firms’ knowledge bases and knowledge 
recombination behaviors, we developed the concept of knowledge base 
homogeneity (KBH). The KBH between two organizations is defined as the 
extent to which the innovative outcomes of the two firms draw upon similar sets 
of knowledge elements. While technological distance reflects the differences in 
firms’ innovative outputs, KBH looks into the knowledge elements that formed 
the basis of firms’ innovative outcomes. Firms that have very similar 
technological outputs may actually build their innovations on very different 
knowledge bases. Furthermore, firms that have similar knowledge bases and 
knowledge recombination strategies may ultimately develop their innovative 
outputs in very different technological fields. In the following section, we’ll 
elaborate on how KBH interacts with technological distance between firms in 
influencing inter-organizational learning through strategic alliances. 
4.2.3. The moderating role of knowledge base homogeneity 
Successful learning requires the small firm to recognize the value of knowledge 
that resides in its alliance partner, assimilate it, and apply it in future 
recombinant searches. As technological distance increases, the relative 
absorptive capacity of the small firm is reduced, which hinders knowledge 
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transfer across firm boundaries. However, at increased levels of KBH, the small 
firm would be able to maintain a higher level of relative absorptive capacity 
even if they are technologically distant in terms of their innovative outputs 
(Lane and Lubatkin 1998). When the KBH between alliance partners is high, 
the small firm will possess a certain degree of prior knowledge basic to the new 
knowledge held by its partner. The common basic knowledge will then allow 
the small firm to better comprehend the new knowledge and facilitate inter-
organizational communication, thereby enhancing the learning effect (Doz 
1996). In contrast, firms with low levels of KBH need to nurture and develop 
the common knowledge between them before effective learning can occur. 
Hence, high levels of KBH will mitigate the cost associated with increased 
technological distance. 
Higher technological distance between alliance partners contributes the 
learning effect by providing access to novel knowledge. KBH enhances the 
benefits of increased technological distance in two ways. First, greater KBH 
between alliance partners will increase the likelihood that the novel knowledge 
held by the partner firm is relevant for the small firm (Fleming 2001, Schildt, 
Keil et al. 2012). According to Fleming (2001), inventions which combine 
knowledge elements with which the firm is already familiar tend to have higher 
values on average. Thus, homogeneity in the knowledge bases of alliance 
partners promises greater chances for the small firm to learn novel knowledge 
that could be incorporated into future recombinant searches. Secondly, as higher 
technological distance creates more opportunities for learning, mutual 
understanding between alliance partners enables the small firm to better utilize 
these opportunities by reducing the risks involved in the alliance activity. 
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Greater KBH leads to more familiarity with the knowledge bases of the partner 
firm, which in turn breeds trust and lowers the risk of opportunism (Gulati 
1995b). This will serve as the basis for successful collaboration and facilitate 
knowledge transfer across firm boundaries. Therefore, the benefits of allying 
with technologically distant partners are best achieved when the two parties 
have a higher level of KBH. 
Hypothesis 2: The knowledge base homogeneity between alliance 
partners will moderate the inverted U-shaped relationship between 
technological distance and learning. Specifically, knowledge base homogeneity 
will enhance the positive effect of technological distance and reduce the 
negative effect of technological distance on learning. 
4.3. Data and Methods 
4.3.1. Data 
We drew our sample from the BioScan directory, which consists of over two 
thousand biotechnology and pharmaceutical firms. Since the focus of this study 
is on small companies, we limited our sample to publicly listed firms established 
after 1994. This criterion yielded a total of 266 firms as the initial sample. These 
firms were observed over a 15-year period from 1996 to 2010. The panel is 
unbalanced as firms might have zero or more than one alliance activities in a 
given year. We combined three types of data in constructing the dataset for 
statistical analysis. First, we collected information on alliance activities of the 
266 firms from ReCap. There are 26 types of alliances listed in ReCap (see 
Table 4.1). As we aimed to observe interfirm learning, we looked at R&D 
alliances only, which corresponds to alliance type 4, 6, 9, and 20 (Subramanian, 
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Lim et al. 2013). During the period from 1996 to 2010, a total of 1689 R&D 
alliances were formed by these firms. 
Table 4.1 Type of Alliances in ReCap 
S/N Alliance Type 
1 Acquisition 










12 Joint Venture 















Next, patent data was retrieved from Thomson Innovation for all firms 
in the initial sample and for each of their alliance partners. We searched for U.S 
issued patents with application dates prior to December 31, 2014, and were 
assigned to one of the seven US patent classes (UPC) relevant to biotechnology 
(see Table 4.2). The patent classes were chosen according to the USPTO 
Technology Profile Reports used in Lim (2004) and the descriptions were drawn 
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from the USPTO website 11 . Following the above search, firms with no 
identified patent data were removed from the initial sample. Furthermore, we 
removed alliance observations in which either the focal firm or its alliance 
partner had no patent records until the year the alliance was formed. 
Table 4.2 US Patent Classes Relevant to Biotechnology 
Class Description 
424 Drug, bio-affecting and body treating compositions 
435 Chemistry: molecular biology and microbiology 
436 Chemistry: analytical and immunological testing 
514 Drug, bio-affecting and body treating compositions 
530 Chemistry: natural resins or derivatives; peptides or proteins; 
lignins or reaction products thereof 
536 Organic compounds 
800 Multicellular living organisms and unmodified parts thereof and 
related processes 
 
Finally, financial data for the focal firms was obtained from Compustat. 
Alliance observations were excluded for those years when financial data for the 
firm was unavailable. The entire data collection process yielded a final sample 
consisting of 201 firms. During the observation period (1996 to 2010), a total 
of 1,042 alliances formed by these firms met the criteria described above and 
were included for further statistical analysis. 
4.3.2. Dependent variable: inter-organization learning through alliances 
Following the methodology in prior research, we measured firm’s learning 
effect by the number of times the focal firm cites its partner’s patents after the 
alliance (Almeida, Dokko et al. 2003, Mowery, Oxley et al. 1996, Schildt, Keil 
et al. 2012). For each alliance observation, we calculated the cross-citation 
                                                          
11  http://www.uspto.gov/web/patents/classification/, Retrieved 2016-06-01 
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frequency based on the focal firm’s patents that were applied for after the 
alliance formation year and issued prior to December 31, 2014. We chose the 
year that the alliance was formed as the cutoff to ensure that the measurement 
reflected the learning effect through the alliance. 
4.3.3. Explanatory variables 
4.3.3.1. Technological distance between alliance partners 
For the purpose of this study, we chose cosine distance to measure technological 
distance between alliance partners, which is the most widely adopted method in 
previous studies (Phelps 2010, Sampson 2007). Specifically, we looked at 
patents issued to both the focal firm and its partner, where the application year 
is no later than the year the alliance was formed. We then calculated the 
distribution of their patents across the seven UPCs relevant to biotechnology 
(main UPC). This procedure yielded two multidimensional vectors representing 
the technological positions of the focal firm and its alliance partner. The 
technological distance between firm i and j was then calculated as: 










In the above formula, 𝑝𝑖𝑘denotes the percentage of firm i’s patents that 
were assigned to UPC class k. As we identified seven UPCs that are relevant to 
biotechnology inventions, N equals seven. The measurement of CSD was 
bounded between zero and one. If two firms have exactly the same distribution 
of technological capabilities, the CSD between them is zero. On the contrary, 
when two firms have entirely different technological capabilities, the two 
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vectors are orthogonal to each other, resulting in a CSD value of one. This 
method was first developed by Jaffe (1986, 1989) and pursued by several 
scholars in economic and strategy research ever since. 
4.3.3.2. Knowledge base homogeneity between alliance partners 
Similar to citations in academic publications, patent citations are made to 
technological antecedents of the current invention (i.e. prior art). Therefore, 
patent citations convey information on previously existing knowledge upon 
which the patent builds (Trajtenberg 1990). Moreover, patent citations carry 
legal senses. Upon application for a patent, applicants are obliged to submit any 
‘prior art’ of which they are aware. The patent examiners will then conduct a 
thorough prior art search and decide on the ultimate citations to be included 
(Cotropia, Lemley et al. 2013). These citations will determine the scope of 
property rights awarded to the focal patent (Hall, Jaffe et al. 2005). Therefore, 
while patents reflect a firm’s innovative outputs, citations made by the patent 
represent the knowledge bases upon which the innovation builds. 
The KBH between alliance partners measures the extent to which 
innovative outcomes of the two firms in different fields draw upon similar sets 
of knowledge elements. In bibliographic coupling, the percentage of shared 
references can be seen as a proxy for the knowledge base similarity of two 
papers (Boyack, Klavans et al. 2005, Kessler 1963b). We follow a similar 
approach and develop the measurement of KBH in the following manner12: 
                                                          
12 Calculation is based on patents with application year no later than alliance year, for both 
focal firm and partner firm. By citations, we refer to citations made to patent documents only. 




1) For each observation in the sample, the patents of both the focal firm 
and its alliance partner were grouped according to their main UPCs (3-digit). 
The number of groups within a typical firm ranged from one to seven. 
2) Citations to prior patents made by each group of patents were 
compiled and duplicates were removed. Assuming there are n patent groups in 
the focal firm’s portfolio and m groups in that of its partner, this procedure 
would generate n + m groups of citations made by patents in each group. 
3) There would be n × m group pairs between the patent groups of the 
focal firm and its alliance partner. For each group pair, we calculated the Jaccard 
coefficient13 between their citations using the following formula: 
𝐶(𝑖, 𝑗) =
𝑆𝑖𝑗
𝑆𝑖 + 𝑆𝑗 − 𝑆𝑖𝑗
 
In this formula, Si and Sj represent the total number of distinct citations 
made by patents in group i of the focal firm and in group j of the partner firm, 
respectively. Sij is the number of common citations between group i and group 
j. Thus, C(i, j) measures the degree of overlap between citations made by patents 
in group i and group j. After calculating C(i, j) for each group pair, we have 
constructed a n × m matrix comprised of Jaccard coefficients for all group pairs 
(see Figure 4.1). 
  
                                                          
13 Jaccard coefficient is a statistic commonly used in bibliometric studies to compare the 
similarity of publications. It is defined as the size of intersection divided by the size of the 




Figure 4.1 Matrix of Jaccard Coefficients 
4) We then calculated KBH between the focal firm and its alliance 
partner by taking an average of all the values in the matrix. 




The value of KBH between two firms ranges from zero to one. A value 
of zero indicates that the two firms have entirely different knowledge bases and 
that there is no overlap between them. In contrast, KBH equals one when two 
firms have identical knowledge bases and adopt the same knowledge 
recombination in every technological field. 
4.3.4. Control variables 
Several variables that might affect inter-organizational learning through 
alliances were included as controls. Some of the control variables are specific 
to the alliance dyad, while others are controls at the firm-year level. A brief 
description of the variables included in this study is provided in Table 4.3. 
4.3.4.1. Alliance level control variables 
First, as we used post-alliance citation rate to capture learning effects in our 
dependent variable, it was essential to control for the pre-alliance citation rate 
100 
 
(Mowery, Oxley et al. 1996, Mowery, Oxley et al. 1998). Therefore, we 
calculated the number of times the focal firm has cited patents of its alliance 
partner before they entered the alliance. Secondly, since prior research has 
demonstrated that inter-organization learning is affected by the governance 
structure of the alliance activity (Kogut 1988, Mowery, Oxley et al. 1996, 
Sampson 2007), we included two dummy variables indicating whether the 
alliance was equity-based and whether it’s exclusive. Moreover, we controlled 
for the geographical proximity between the focal firm and its alliance partner. 
Although international alliances provide access to diverse knowledge 
(Rosenkopf and Almeida 2003), they also incur higher coordination and 
communication costs due to cultural differences. We included a dummy 
variable that takes the value of one for domestic alliances and equals zero for 
international alliances. Furthermore, research in organizational learning has 
shown that prior ties between firms can increase interfirm trust (Gulati 1995a) 
and help develop relationship-specific knowledge transfer routines (Dyer and 
Nobeoka 2000, Dyer and Singh 1998, Lane and Lubatkin 1998). This suggests 
that firms are better able to learn from repeated alliance partners. Therefore, we 
included a dummy variable to control for whether the two firms had prior 
alliance experience. The dummy variable takes the value of one if the two firms 
had at least one prior alliance, and zero otherwise. In addition, we calculated 
relative patent portfolio size by dividing the number of the focal firm’s patents 
by that of its alliance partner. This variable controls for the relative 
technological stock of the focal firm as compared to its alliance partner. A 
smaller value for this variable indicates that the partner firm has a much larger 
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technological stock than the focal firm, thereby providing more opportunities 
for learning. 
4.3.4.2. Firm-year level control variables  
We also included several control variables that are specific to the focal firm in 
a given year. Firm age was calculated as the number of years elapsed since the 
focal firm was founded as of the alliance formation year. Moreover, as existing 
literature has proved that firm’s R&D investment contributes to its ability to 
absorb external knowledge (Cohen and Levinthal 1990, Gambardella 1992), we 
controlled for firm’s R&D intensity, which is calculated by dividing its R&D 
expenditure by total assets in year t. We used firm’s total assets instead of sales 
as the denominator, because the commercialization of biotechnology innovation 
is extremely lengthy and many young firms do not have positive sales figures 
in early stages (Nishimura and Okada 2014). We also captured firm’s 
technological breadth through the number of biotech-related UPCs covered by 
its patent portfolio as of year t. We controlled for technological breadth as it 
increases the likelihood of the focal firm possessing knowledge related to its 
partner’s knowledge, which in turn increases the likelihood of learning 
(Granstrand 1998, Suzuki and Kodama 2004). In addition, SIC (standard 
industrial classification) dummies were used to control for industrial differences. 
Finally, we used fixed year effects for each alliance observation to capture 
unobserved heterogeneity across years. For firm age and technological breadth, 




Table 4.3 Definition of Variables 




- Number of times focal firm (i) cites partner firm (j) after alliance 




- 1 minus cosine similarity of focal firm (i) and its alliance partner (j) 
- Calculated based on patents with application year ≤ alliance year, publication year ≤ 2015 
Moderator KBHi,j 
- Average Jaccard coefficient calculated across UPC group pairs between focal firm (i) and alliance 
partner (j) 




- Number of times focal firm cites partner firm before alliance 
- Based on patents with application year ≤ alliance year, publication year ≤ 2015 
Equityi,j - Dummy variable, = 1 if the alliance is equity-based 
Exclusivityi,j - Dummy variable, = 1 if the alliance is exclusive 
Domestici,j - Dummy variable, = 1 if the focal firm (i) and partner firm (j) are from the same country 
PriorTiei,j - Dummy variable, = 1 if the focal firm (i) has alliance activities with the partner firm (j) before 
RelativePPSi,j 
- Relative patent portfolio size (focal firm patent portfolio size/partner firm patent portfolio size) 
- Calculated based on patents with application year ≤ alliance year, publication year ≤ 2015 
FirmAgei - Logarithm of firm age at the year of alliance 
R&DIntensityi - R&D intensity of focal firm (R&D expenditure/total assets) 





Table 4.4 Descriptive Statistics and Correlations 
S/N Variables Mean SD 1 2 3 4 5 6 7 8 9 10 11 12 
1 PostCitation 2.2457 12.3514 1            
2 TechDistance 0.4676 0.3147 -0.0543 1           
3 KBH 0.0010 0.0040 0.1237* -0.1415* 1          
4 PreCitation 1.3330 11.3400 0.4011* -0.0756* 0.2023* 1         
5 Equity 0.0940 0.2920 0.1145* -0.0158 -0.0161 -0.0051 1        
6 Exclusivity 0.3167 0.4654 0.0660* -0.1315* 0.0758* 0.0857* 0.2895* 1       
7 Domestic 0.4585 0.4983 0.0642* 0.0578 0.0743* 0.0479 0.0154 -0.0639* 1      
8 PriorTie 0.0739 0.2617 0.0981* -0.0018 -0.0143 0.0542 0.1226* 0.1310* -0.0302 1     
9 RelativePPS 3.6869 12.3682 -0.0467 0.0944* 0.0017 -0.0332 -0.0235 -0.0465 -0.0893* 0.0045 1    
10 FirmAge 0.7971 0.2756 -0.0442 -0.1120* 0.0706* 0.0430 -0.0530 0.1387* -0.0450 -0.0109 0.0830* 1   
11 R&DIntensity 0.8587 4.2556 -0.0118 0.0253 0.0039 -0.0083 0.0025 -0.0316 -0.0100 -0.0207 -0.0303 -0.0139 1  





4.3.5. Descriptive statistics 
Table 4.4 presents the pairwise correlations between variables included in this 
study (except for SIC dummies and year fixed effects). As shown in Table 4.4, 
the KBH between alliance partners is positively correlated with the cross-
citation rate after alliance, suggesting that a high level of KBH contributes to 
interfirm learning. The dummy variables, Exclusivity and Domestic, are also 
positively correlated with the dependent variable. This indicates that exclusivity 
in alliances enhances inter-organizational learning. Moreover, domestic 
alliances tend to have stronger learning effects when compared to international 
alliances. 
4.4. Results 
Since our dependent variable is the post-alliance patent citation rate from focal 
firm to partner firm, a count data model was appropriate. We used zero inflated 
negative binomial regression as there are excessive zeros in our dependent 
variable. Although the unit of analysis is individual alliance, some of the control 
variables are measured at the firm-year level. In order to attain robust 
estimations, we included robust standard errors clustered by firm in the 
regression. The explanatory variables, technological distance and KBH were 




Table 4.5 Zero-inflated Negative Binomial Regression: Technological Distance, KBH on Post-alliance Citation Rates14  
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Negative binomial model       
CONSTANT -2.8800** -2.6001** -1.8465 -1.6869 -0.7647 1.7152*** 
TechDistance  0.4190** 0.3454**  0.3565** 0.3827*** 
TechDistance2   -0.4664*  -0.4464** -0.4035** 
KBH    0.4883 0.4646 0.6200 
TechDistance*KBH      1.1250** 
TechDistance2*KBH      0.8143*** 
Equity 0.1156 -0.0309 0.0748 0.3207 0.2330 0.4187 
Exclusivity 0.7281*** 0.8246*** 0.9198*** 0.7086*** 0.8763*** 0.9372*** 
Domestic 1.0270*** 0.9862*** 1.0260*** 0.7032* 0.7135** 0.4963 
PriorTie -0.1796 0.1717 0.1372 -0.1479 0.2502 0.3603 
RelativePPS -0.0446 -0.0452 -0.0525 -0.0303 -0.0380 -0.0284 
FirmAge 1.2483** 1.4206*** 1.2346** 1.0470* 1.0502 1.3485** 
R&DIntensity 0.0723 0.1073 0.0617 -0.0309 -0.0445 -0.0150 
UPC 1.0079** 0.9944** 0.8127* 0.7645* 0.5675 0.4669 
Zero-inflation model       
COSTANT 1.7559*** 1.8227*** 1.7823*** 1.7230*** 1.7580*** 1.7152*** 
PreCitation -3.9977** -4.1742** -4.3905** -4.1669** -4.7609 -4.9197 
Log likelihood -816.9282 -814.9358 -813.4334 -813.061 -810.0786 -807.3012 
No. of obs. 1042 1042 1042 1042 1042 1042 
Year fixed effect and SIC dummies was included but not reported. 
* p<0.1. 
** p<0.05. 
*** p<0.01.  
                                                          
14 CSD and KBH are normalized before regression, inflated on PreCitation 
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Table 4.5 presents the results of zero inflated negative binomial 
regressions. All specifications include fixed effects for both SIC code and 
alliance formation year. Model 1 shows only the control variables, and the main 
effects are individually added to subsequent estimation models to show the 
added explanatory power. To test our hypotheses, we examine the estimation 
outcomes in the full model (i.e. Model 6). 
4.4.1. Effects of control variables on inter-organizational learning 
Model 1 in Table 4.5 shows the effects of alliance-level and firm-level control 
variables on the focal firm’s learning effect, as measured by post-alliance patent 
citations. The coefficient estimates of alliance-level control variables, Domestic 
and Exclusivity, are statistically significant. As expected, the learning effect 
tends to be stronger in domestic alliances than in international alliances due to 
lower coordination and communication costs. Moreover, when the alliance is 
formed on exclusivity terms, firms are less likely to suffer from appropriability 
problems and hold-up conflicts (Anand and Khanna 2000b). Therefore, 
exclusivity has a positive effect on interfirm learning as the risk of knowledge 
sharing is lowered. The firm level controls on firm age and technological 
breadth are also statistically significant, suggesting that older firms and firms 
with a broader technological portfolio are better able to learn from their alliance 
partners.  
4.4.2. Main effects of technological distance and KBH on inter-
organizational learning 
Hypothesis 1 predicted an inverted U-shaped relationship between 
technological distance and the learning effect of the focal firm. When 
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technological distance and its quadratic term were introduced in Model 3 and 
Models 5-6, technological distance was positive and significant, while its 
squared term was consistently negative and significant. Moreover, using 
parameter estimates from the full model (Model 6), the maximum value of 
interfirm learning occurs when technological distance between alliance partners 
is 0.4742, which is within the sample range. Thus, hypothesis 1 was supported 
by the regression results. 
4.4.3. Interaction effects between technological distance and KBH on 
inter-organizational learning 
In hypothesis 2, we predicted that KBH between alliance partners would 
moderate the relationship between technological distance and interfirm learning. 
To test this hypothesis, we interact KBH with technological distance and its 
squared term in Model 6. The result showed that the coefficients of both 
interactions are positively significant. For a more intuitive illustration, we 
graphed the interaction effects in Figure 4.2. First, the amplitude of interfirm 
learning is greater for high KBH at all levels of technological distance, which 
suggests that high KBH enhances the positive effect of technological distance. 
Secondly, the optimal technological distance is greater when KBH is high, 
indicating that high KBH would mitigate the costs associated with increased 





Figure 4.2 Interaction between Technological Distance and KBH 
 
4.5. Discussions and limitations 
4.5.1. Contributions 
In this paper, we have studied the relationship between technological distance 
and focal firms’ learning effect in strategic alliances. Furthermore, we have 
examined how the KBH between alliance partners affects the impact of 
technological distance on interfirm learning, which has been generally 
overlooked in existing literature. The biotechnology industry presents an almost 
ideal environment to test out hypotheses due to the prevalence of interfirm 
cooperation (Shan, Walker et al. 1994) and the recombinative nature of 
biotechnology innovations (Hsu and Lim 2006). In line with previous research, 
we have found that there is an inverted U-shaped relationship between 
technological distance and interfirm learning. In seeking alliance partners, there 
is a trade-off to be made between novelty value and absorptive capacity. Going 
beyond the baseline results, this research has examined the role of KBH in the 
relationship between technological distance and focal firms’ learning through 
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alliances. As expected, we found that the benefits of technological distance are 
enhanced and the cost of technological distance mitigated, when the KBH 
between alliance partners is high. It was also found that focal firms’ learning 
effects are stronger in domestic and exclusive alliances.  
This research contributes to the existing literature in several ways. First, 
we confirmed the notion in current research that a moderate level of 
technological distance is optimal for learning in strategic alliances. However, 
such optimal distance is not fixed, but depends on many firm-level and 
relational factors. Current studies have explored a few contingencies in 
examining the effect of technological distance on learning. For example, the 
study by Nooteboom et al. found that the impact of technological distance is 
affected by the focal firm’s technological capital (Nooteboom, Van Haverbeke 
et al. 2007). However, the empirical analysis led to mixed findings. The authors 
explained the mixed effect by arguing that the technological capital of the focal 
firm might increase its absorptive capacity, but at the same time reduce the 
novelty value brought by increased technological distance. A more recent study 
by Schildt et al. (2012) examined the effect of technological distance on learning 
at different stages of alliances. Using a sample of collaborations in the ICT 
(information and communications technology) industry, they found that the 
benefits of technological similarities between alliance partners are stronger in 
later stages of the relationship. Although there have been some attempts to 
explore the factors influencing the effect of technological distance, an important 
contingency that prior research has overlooked is the similarities in firms’ 
knowledge bases and knowledge recombination behaviors. As successful 
learning requires the firm to recognize the value of external knowledge, 
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assimilate it, and apply it to future recombinatory search, the discrepancies in 
firms’ knowledge bases and knowledge recombination behaviors play an 
important role in the relationship between technological distance and interfirm 
learning. 
To address this limitation, we developed the concept of knowledge base 
homogeneity (KBH), defined as the extent to which innovative outcomes of the 
two firms draw upon similar sets of knowledge bases. The regression results 
indicate that KBH positively moderates the relationship between technological 
distance and learning. More specifically, when the knowledge bases of alliance 
partners are highly homogeneous, the benefits of technological distance are 
enhanced and the costs are mitigated. This implies that, all else being equal, the 
optimal technological distance would be greater for firms with a higher KBH. 
Our findings also provide practical implications for small firms in choosing 
their alliance partners. Apart from technological distance in terms of innovative 
outputs, more attention should be paid to examining the knowledge bases and 
knowledge recombination behaviors of potential alliance partners. To assess the 
level of KBH, they could inspect the citation patterns in the patent portfolios of 
potential alliance partners. By conducting a more comprehensive evaluation of 
the knowledge bases of potential partners, small firms will be able to make 
better decisions and achieve more effective learning through alliances.  
Finally, this study makes methodological contributions by showing how 
bibliometric techniques can be applied to patent data to develop more advanced 
measurements. Bibliometric methods were originally developed for analyzing 
academic publications, based on the fundamental rationale that authors cite 
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papers which they consider to be important to the development of their research 
(Pritchard 1969). The same logic can be extended to patent citations where more 
advanced measurements can be developed using bibliometric techniques. 
Although patent data has been widely adopted, the use of bibliometric 
techniques in strategy research is rather limited (Han 2015, exceptions are 
Huang, Fang et al. 2011, Park, Jeong et al. 2015). Applying bibliographic 
coupling to patent data, the percentage of common backward citations can be 
seen as a proxy for knowledge relatedness of two patents. Aggregated onto firm 
level, as we have shown in this paper, this method can be used to reflect the 
similarities in knowledge bases and knowledge recombination behaviors of two 
firms. Our study provides an example of extending bibliometric techniques to 
patent data, and future research can build on this methodology and apply it to 
different research contexts. 
4.5.2. Limitations 
Our research is subject to several limitations. First, we measured inter-
organizational learning through citations made by the focal firm to patents 
owned by its alliance partner. On the one hand, not all inventions meet the legal 
requirements for a patent to be granted (i.e. novelty, usefulness, and non-
obviousness). On the other hand, firms may choose not to file patents for certain 
inventions due to various strategic considerations. Therefore, this measurement 
of interfirm learning reflects only a portion of the actual learning effect. Despite 
this limitation, patent citation has been widely used in existing studies as a 
measurement of inter-organizational learning. We follow the same approach 
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while recognizing that the limitations of patent data may reduce the 
generalizability of our findings. 
A similar limitation pertains to the measurement of technological 
distance. As not all innovations are patented, the use of patent data is not able 
to capture all the innovative outcomes and technological capabilities of the firm. 
However, this measurement has been widely adopted in prior research. In order 
to maintain consistency with existing research and examine the interaction 
effect of KBH, we continue to use patent data in developing our measurements 
of technological distance and KBH. 
Finally, as the use of patents and alliances differs across industries, we 
limited our study to a single high-tech industry. In the biotechnology industry, 
patents are relatively effective in protecting proprietary knowledge and most 
firms seek patent protection for their innovations. Moreover, strategic alliances 
are prevalent among biotechnology firms as a means to access external 
knowledge. Although this suggests that our findings may apply to other high-
tech settings, the generalizability of the results should be assessed with caution.  
Despite the above constraints, we believe our research offers valuable 
insights into the relationship between technological distance and inter-
organizational learning. In particular, we examined how knowledge base 
homogeneity between alliance partners influences the benefits and costs of 




Chapter 5  
Discussion and Conclusion 
 5.1. Conclusion and contributions 
This thesis comprises three essays. The first essay presents a broad overview of 
IPM research. In the second and third essay, I conduct two in-depth studies 
investigating how small firms should develop their patent portfolios in order to 
succeed. 
The first essay provides a bibliometric review on the research field of 
IPM. Unlike prior literature reviews which are qualitative in nature, the 
bibliometric review provides objective insights into the research field. The 
findings show that IPM is an emerging research field with theoretical roots in 
law, economics, and strategic management. As the research field continues to 
evolve, it is imperative for scholars to form a more comprehensive 
understanding of the existing body of knowledge and intellectual structures of 
IPM research. Using citation analysis, I identify the most frequently cited 
references by IPM studies, which has formed the intellectual core of IPM 
research. Furthermore, by performing co-citation analysis, this essay uncovers 
the underlying knowledge structures of IPM research. The center of the co-
citation diagram consists of studies on IP and firms’ appropriability. This 
indicates that the central theme of IPM research is to investigate the role of IPM 
in enabling firms to better appropriate from their innovative efforts. Other 
research themes revealed through the co-citation network include: function and 
nature of the patent system; IP valuation; IP licensing; patent and standard 
setting organizations (SSO); and the market for technology. 
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An important insight gained from the process of literature survey in the 
first essay is that, there is a lack of research on IPM in small firms. This 
observation led to my second and third essay, which investigate how small firms 
should develop their patent portfolios in order to succeed. The biotechnology 
industry was chosen as the research context for these two essays, as it is widely 
acknowledged that patents confer effective protection over biotech inventions, 
and biotech firms have generally higher propensities to seek patent protection 
for their innovations (Cohen, Goto et al. 2002, Lerner 1994, Mansfield 1986, 
Mansfield, Schwartz et al. 1981). Due to significant resource demands and high 
failure rates in early stage R&D, strategic alliances are prevalent among biotech 
firms as a way to spread costs and risks. In fact, the ability to form R&D 
alliances with other organizations and to benefit from them is crucial for the 
survival and growth of small biotech companies (Baum, Li et al. 2000, Deeds 
and Hill 1996). Therefore, in the second and third essay, I examine small firms’ 
patent portfolios and their successes in two specific aspects: the ability to form 
R&D alliances with other organizations; and the ability to learn from alliance 
partners. 
In the second essay, I investigate how technological diversity in a small 
firm’s patent portfolio affects its performance in terms of alliance formation. 
Prior research has generated mixed findings regarding the performance impact 
of technological diversification. Several studies have attempted to resolve the 
ambiguity by taking a contingency perspective and examining factors 
influencing the relationship between technological diversity and performance. 
However, an important contingency that current research has overlooked is the 
knowledge bases underlying firms’ technological innovations. Existing studies 
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on technological diversity have focused extensively on firms’ innovative 
outputs, while the underlying knowledge bases are largely neglected. To bridge 
this gap, I develop the concept of KBH, defined as the extent to which 
innovations generated by the focal firm draw upon similar sets of knowledge 
bases. In this essay, I examine how technological diversity and KBH interacts 
in influencing firm performance. The findings suggest that the performance 
impact of technological diversity depends on the level of KBH. When KBH is 
high, the benefits of technological diversification outweigh its costs, leading to 
a positive performance impact of technological diversity. In contrast, at lower 
levels of KBH, the effect of technological diversity becomes negative, as the 
costs of technological diversification outweigh its benefits. To some extent, the 
findings echo prior research which argues that related diversification 
outperforms unrelated diversification. In this essay, I take this argument one 
step further by quantifying the level of knowledge relatedness and examining 
how KBH affects the performance impact of technological diversity. 
The above findings may also help practitioners and managers in 
deciding on firms’ diversification strategies. Whether a firm is able to benefit 
from technological diversification depends on the level of KBH in its 
technological portfolio. Therefore, in designing strategies for technological 
diversification, firms need to choose the direction of diversification wisely. 
More specifically, small firms with limited resources and knowledge stocks 
should extend their R&D activities into areas that share common knowledge 
bases with their existing technological portfolios. 
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The third essay explores how technological distance between firms’ 
patent portfolios affect the small firm’s ability to learn from its alliance partner. 
Similar to the literature on technological diversity, prior research on 
technological distance has focused almost exclusively on the differences in 
firms’ innovative outcomes, while the knowledge bases underlying firms’ 
innovations have received scant attention to date. In order to address this 
limitation, I extend the concept of KBH to the level of firm-dyads. The KBH 
between two firms is defined as the degree to which the innovative outcomes of 
two firms draw upon similar knowledge bases. The baseline results reconfirm 
the notion in existing research by demonstrating an inverted U-shaped 
relationship between technological distance and interfirm learning. More 
importantly, the findings suggest that the effect of technological distance is 
positively moderated by the level of KBH between alliance partners. 
Specifically, a high level of KBH would enhance the benefits and mitigate the 
costs associated with increased technological distance in the patent portfolios of 
alliance partners. 
This essay provides practical implications for managers in selecting 
potential alliance partners. When faced with a set of potential choices, it is 
insufficient to examine the technological distance in firms’ innovative outputs. 
A moderate level of technological distance is optimal for interfirm learning 
through alliances. However, the optimal technological distance depends on the 
level of KBH between alliance partners. When KBH between potential alliance 
partners is low, the optimal technological distance between them is smaller. In 
contrast, when the innovative outcomes of two firms draw upon similar sets of 
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knowledge bases, a greater technological distance is desirable to optimize the 
learning effect. 
5.2. Limitations and future research directions 
There are a number of limitations acknowledged in each of the essays. A few 
important ones to mention are as follows. First, in the bibliometric study, I 
collect the IPM-related articles through keyword search. As no search criteria is 
able to capture all related publications, there might be a few articles left out in 
the bibliometric analysis. However, I attempted to compensate this deficiency 
in multiple ways. First, to ensure a sufficiently broad set of search keywords, 
several highly experienced IPM scholars and practitioners were consulted prior 
to deciding on the search criteria. Secondly, I combined the results from two 
databases in the searching process to overcome the limitation in the coverage of 
a single database. Thirdly, a manual cross-check was carried out on each issue 
of the three journals in which the highest number of IPM-related articles had 
been published. Through these efforts, I believe the coverage of the bibliometric 
analysis is sufficiently comprehensive and the results are valid reflections of the 
research field.  
Secondly, in developing the measurement for KBH, I use patent 
citations to identify the knowledge bases of an invention. Unlike citations in 
academic papers, patent citations carry legal implications and are sometimes 
included by patent examiners (Alcácer and Gittelman 2006, Alcácer, Gittelman 
et al. 2009, Cotropia, Lemley et al. 2013). Therefore, a citation made by patent 
A to patent B does not always imply that the inventor of patent A developed the 
focal invention based on the knowledge revealed in patent B. Despite this 
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limitation, patent citation data has been widely adopted by scholars as indicators 
of knowledge flow (Narin, Noma et al. 1993, Nelson 2009, Thompson and Fox-
Kean 2005). In my second and third essay, I follow prior research in using patent 
citation data to reflect knowledge bases of an invention while admitting the 
limitation of this approach. 
A third limitation pertains to the use of alliance formation as the 
dependent variable in the second essay. As firms differ in their propensities to 
seek external partnerships, the results may be biased toward firms which place 
more emphasis on alliance activities and are more active in looking for potential 
alliance opportunities. However, this limitation was mitigated since I 
constructed a relatively homogeneous sample comprised of small biotechnology 
firms. As widely acknowledge in prior literature, strategic alliances are 
prevalent among biotech firms, and the ability to form strategic alliance with 
other organizations is crucial to the growth and survival of small biotech 
companies (Baum, Li et al. 2000). 
There are several avenues for future research. In the first essay, I conduct 
citation and co-citation analysis on IPM-related articles. As the research field 
becomes more mature over time, scholars can adopt bibliographic coupling and 
clustering techniques to identify sub-fields within the research domain. 
Moreover, future studies may focus specifically on IPM dedicated journals 
(World Patent Information, Journal of Intellectual Property Rights, 
International Journal of Intellectual Property Management, etc.) and use 




To address the lack of research on small firms, the second and third 
essays were conducted to explore how small firms should evolve their patent 
portfolios in order to succeed. In these two essays, I examine two specific 
aspects of small firms’ patent portfolios: the technological diversity; and 
technological distance. Future research may choose to study other attributes of 
small firms’ patent portfolios (e.g. scope, family size, density, etc.) and examine 
their impacts on firm performance. 
Furthermore, in the second and third essays, I examine small firms’ 
performances in terms of alliance formation and the ability to learn from 
alliance partners. Future research could investigate the effect of patent portfolio 
on small firms’ performances in other aspects, such as revenue, profitability, 
scientific publications, and the ability to obtain venture capital funding. This 
will help in forming a more comprehensive picture of how small firms’ should 
develop their patent portfolios in order to achieve better performance in various 
aspects. 
To conclude, I believe the findings of this thesis will stimulate scholars 
and practitioners to have a systemic view of managing intellectual properties 
for better performance. In designing strategies for technological diversification, 
scholars and managers should give due attention to the knowledge bases 
underlying firms’ innovative outputs, as the performance impact of 
technological diversification is determined by the level of firms’ KBH. 
Similarly, in selecting potential alliance partners, it is inadequate to focus solely 
on the technological distance in firms’ innovative outputs; and more attention 
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should be paid to assessing the differences in firms’ knowledge bases and 






Ahuja, G. (2000). "Collaboration Networks, Structural Holes, and Innovation: 
A Longitudinal Study." Administrative Science Quarterly 45(3): 425-455. 
Alcácer, J. and M. Gittelman (2006). "Patent Citations as a Measure of 
Knowledge Flows: The Influence of Examiner Citations." The Review of 
Economics and Statistics 88(4): 774-779. 
Alcácer, J., M. Gittelman and B. Sampat (2009). "Applicant and examiner 
citations in U.S. patents: An overview and analysis." Research Policy 38(2): 
415-427. 
Almeida, P., G. Dokko and L. Rosenkopf (2003). "Startup size and the 
mechanisms of external learning: increasing opportunity and decreasing 
ability?" Research Policy 32(2): 301-315. 
Almeida, P. and B. Kogut (1997). "The Exploration of Technological 
Diversity and the Geographic Localization of Innovation." Small Business 
Economics 9(1): 21-31. 
Amit, R. and J. Livnat (1988). "Diversification and the Risk-Return Trade-
Off." The Academy of Management Journal 31(1): 154-166. 
Anand, B. N. and T. Khanna (2000a). "The structure of licensing contracts." 
Journal of Industrial Economics 48(1): 103-135. 
Anand, B. N. and T. Khanna (2000b). "Do Firms Learn to Create Value? The 
Case of Alliances." Strategic Management Journal 21(3): 295-315. 
Andreas, Z. and B. Stelian (2012). "Improvements in patent portfolio 
valuation with bibliometric indicators." Quality-Access to Success. 
Ansoff, H. I. (1965). Corporate strategy: an analytic approach to business 
policy for growth and expansion. New York, NY, McGraw-Hill. 
Arora, A. F., Andrea; Gambardella, Alfonso (2000). "Markets for technology: 
the economics of innovation and corporate strategy." 338. 
Arrow, J. K., Nelson, R. (1962). "The rate and direction of inventive activity: 
Economic and social factor." P609. 
Arundel, A. (2001). "The relative effectiveness of patents and secrecy for 
appropriation." Research Policy 30(4): 611-624. 
Barney, J. (1991). "Firm Resources and Sustained Competitive Advantage." 
Journal of Management 17(1): 99-120. 
Baum, J. A., S. X. Li and J. M. Usher (2000). "Making the next move: How 
experiential and vicarious learning shape the locations of chains' acquisitions." 
Administrative Science Quarterly 45(4): 766-801. 
122 
 
Baumgartner, H. and R. Pieters (2003). "The Structural Influence of 
Marketing Journals: A Citation Analysis of the Discipline and Its Subareas 
over Time." The Journal of Marketing 67(2): 123-139. 
Benckendorff, P. and A. Zehrer (2013). "A network analysis of tourism 
research." Annals of Tourism Research 43: 121-149. 
Berger, P. G. and E. Ofek (1995). "Diversification's effect on firm value." 
Journal of Financial Economics 37(1): 39-65. 
Berman, B. M. (2009). From assets to profits: competing for IP value & 
return. Hoboken, N.J, John Wiley & Sons. 
Bettis, R. A. (1981). "Performance Differences in Related and Unrelated 
Diversified Firms: SUMMARY." Strategic Management Journal (pre-1986) 
2(4): 379. 
Bioscan (2014). The Worldwide Biotech Industry Reporting Service, 
Thomson Reuters Corporation. 
Blaine, J. (2013). Parexel's Pharmaceutical R&D Statistical Sourcebook 
2012/2013, Alert Publications, Inc. 15: 14. 
Blind, K., K. Cremers and E. Mueller (2009). "The influence of strategic 
patenting on companies’ patent portfolios." Research Policy 38(2): 428-436. 
Borgman, C. L. and J. Furner (2002). Scholarly Communication and 
Bibliometrics. 36: 3-72. 
Boyack, K. W., R. Klavans and K. Börner (2005). "Mapping the backbone of 
science." Scientometrics 64(3): 351-374. 
Breschi, S., F. Lissoni and F. Malerba (2003). "Knowledge-relatedness in firm 
technological diversification." Research Policy 32(1): 69-87. 
Breyer, S. (1970). "Uneasy case for copyright -study of copyright in books, 
photocopies, and computer programs." Harvard Law Review 84(2): 281-351. 
Brusoni, S., A. Prencipe and K. Pavitt (2001). "Knowledge Specialization, 
Organizational Coupling, and the Boundaries of the Firm: Why Do Firms 
Know More Than They Make?" Administrative Science Quarterly 46(4): 597-
621. 
Burt, R. S. (1992). Structural holes: the social structure of competition. 
Cambridge, Mass, Harvard University Press. 
Calabres.G and A. D. Melamed (1972). "Property rules, liabilities rules, and 




Calabrese, T. and B. S. Silverman (2000). "Don't Go It Alone: Alliance 
Network Composition and Startups' Performance in Canadian Biotechnology." 
Strategic Management Journal 21(3): 267-294. 
Cameron, A. C. and P. K. Trivedi (1998). Regression analysis of count data. 
New York, Cambridge University Press. 
Candelin-Palmqvist, H., B. Sandberg and U. M. Mylly (2012). "Intellectual 
property rights in innovation management research: A review." Technovation 
32(9-10): 502-512. 
Causevic, E. (2013). "Intellectual Property Strategy Trends for 2013." Ocean 
Tomo. 
Chatterjee, S. and B. Wernerfelt (1991). "The Link between Resources and 
Type of Diversification: Theory and Evidence." Strategic Management Journal 
12(1): 33-48. 
Chesbrough, H. W. (2003). "The logic of open innovation: managing 
intellectual property." California management review 45(3): 33. 
Chiu, Y.-C., H.-C. Lai, T.-Y. Lee and Y.-C. Liaw (2008). "Technological 
diversification, complementary assets, and performance." Technological 
Forecasting & Social Change 75(6): 875-892. 
Chung, S., H. Singh and K. Lee (2000). "Complementarity, Status Similarity 
and Social Capital as Drivers of Alliance Formation." Strategic Management 
Journal 21(1): 1-22. 
Cohen, W. M., A. Goto, A. Nagata, R. R. Nelson and J. P. Walsh (2002). 
"R&D spillovers, patents and the incentives to innovate in Japan and the 
United States." Research Policy 31(8): 1349-1367. 
Cohen, W. M. and D. A. Levinthal (1990). "Absorptive Capacity: A New 
Perspective on Learning and Innovation." Administrative Science Quarterly 
35(1): 128-152. 
Cohen, W. M. and D. A. Levinthal (1994). "Fortune Favors the Prepared 
Firm." Management Science 40(2): 227-251. 
Cohen, W. M., R. R. Nelson and J. P. Walsh (2000). "Protecting Their 
Intellectual Assets: Appropriability Conditions and Why U.S. Manufacturing 
Firms Patent (or Not)." National Bureau of Economic Research Working 
Paper Series No. 7552. 
Comment, R. and G. A. Jarrell (1995). "Corporate focus and stock returns." 
Journal of Financial Economics 37(1): 67-87. 
Cotropia, C. A., M. A. Lemley and B. Sampat (2013). "Do applicant patent 
citations matter?" Research Policy 42(4): 844-854. 
124 
 
Decarolis, D. M. and D. L. Deeds (1999). "The Impact of Stocks and Flows of 
Organizational Knowledge on Firm Performance: An Empirical Investigation 
of the Biotechnology Industry." Strategic Management Journal 20(10): 953-
968. 
Deeds, D. L. and C. W. L. Hill (1996). "Strategic alliances and the rate of new 
product development: An empirical study of entrepreneurial biotechnology 
firms." Journal of Business Venturing 11(1): 41-55. 
Demsetz, H. (1967). "Toward a Theory of Property Rights." The American 
Economic Review 57(2): 347. 
Denis, D. J., D. K. Denis and A. Sarin (1997). "Agency Problems, Equity 
Ownership, and Corporate Diversification." The Journal of Finance 52(1): 
135-160. 
di Stefano, G., M. Peteraf and G. Veronay (2010). "Dynamic capabilities 
deconstructed: A bibliographic investigation into the origins, development, 
and future directions of the research domain." Industrial and Corporate 
Change 19(4): 1187-1204. 
Dosi, G. (1982). "Technological Paradigms and Technological Trajectories: A 
Suggested Interpretation of the Determinants and Directions of Technical 
Change." Research Policy 11(3): 147-162. 
Doz, Y. L. (1996). "The Evolution of Cooperation in Strategic Alliances: 
Initial Conditions or Learning Processes?" Strategic Management Journal 
17(S1): 55-83. 
Dyer, J. H. and K. Nobeoka (2000). "Creating and Managing a High-
Performance Knowledge-Sharing Network: The Toyota Case." Strategic 
Management Journal 21(3): 345-367. 
Dyer, J. H. and H. Singh (1998). "The Relational View: Cooperative Strategy 
and Sources of Interorganizational Competitive Advantage." The Academy of 
Management Review 23(4): 660-679. 
Eisenberg, R. S. (1989). "PATENTS AND THE PROGRESS OF SCIENCE - 
EXCLUSIVE RIGHTS AND EXPERIMENTAL USE." University of 
Chicago Law Review 56(3): 1017-1086. 
Eisenhardt, K. M. and C. B. Schoonhoven (1996). "Resource-based View of 
Strategic Alliance Formation: Strategic and Social Effects in Entrepreneurial 
Firms." Organization Science 7(2): 136-150. 
Ernst, H. and N. Omland (2011). "The Patent Asset Index – A new approach 
to benchmark patent portfolios." World Patent Information 33(1): 34-41. 
Fernandez-Alles, M. and A. Ramos-Rodriguez (2009). "Intellectual Structure 
of Human Resources Management Research: A Bibliometric Analysis of the 
Journal Human Resource Management, 1985-2005." Journal of the American 
Society for Information Science and Technology 60(1): 161-175. 
125 
 
Fleming, L. (2001). "Recombinant Uncertainty in Technological Search." 
Management Science 47(1): 117-132. 
Gallini, N. T. and B. D. Wright (1990). "Technology - trasnfer under 
asymmetric information." Rand Journal of Economics 21(1): 147-160. 
Gambardella, A. (1992). "Competitive advantages from in-house scientific 
research - the United States pharmaceutical industry in the 1980s." 
RESEARCH POLICY 21(5): 391-407. 
Gambardella, A. and S. Torrisi (1998). "Does technological convergence 
imply convergence in markets? Evidence from the electronics industry." 
Research Policy 27(5): 445-463. 
Garcia-Vega, M. (2006). "Does technological diversification promote 
innovation?" Research Policy 35(2): 230-246. 
Garfield, E. (1955). "Citation indexes for science - new dimension in 
documentation through association of ideas." Science 122(3159): 108-111. 
Gemba, K. and F. Kodama (2001). "Diversification dynamics of the Japanese 
industry." Research Policy 30(8): 1165-1184. 
Gick, W. (2008). "Little Firms and Big Patents: A Model of Small‐Firm 
Patent Signaling." Journal of Economics & Management Strategy 17(4): 913-
935. 
Gilbert, R. and C. Shapiro (1990). "Optimal patent length and breadth." Rand 
Journal of Economics 21(1): 106-112. 
Gilsing, V., B. Nooteboom, W. Vanhaverbeke, G. Duysters and A. van den 
Oord (2008). "Network embeddedness and the exploration of novel 
technologies: Technological distance, betweenness centrality and density." 
Research Policy 37(10): 1717-1731. 
Girotra, K., C. Terwiesch and K. T. Ulrich (2007). "Valuing R&D Projects in 
a Portfolio: Evidence from the Pharmaceutical Industry." Management 
Science 53(9): 1452-1466. 
Gloet, M. and M. Terziovski (2004). "Exploring the relationship between 
knowledge management practices and innovation performance." Journal of 
Manufacturing Technology Management 15(5): 402-409. 
Gomes-Casseres, B. (1994). Group versus group: How alliance networks 
compete. Boston, Harvard Business Review. 72: 62. 
Gordon, W. J. (1982). "Fair-use as market failure - a structural and economic 
analysis of the betamax case and its predecessors." Columbia Law Review 
82(8): 1600-1657. 
Granovetter, M. S. (1973). "The Strength of Weak Ties." American Journal of 
Sociology 78(6): 1360-1380. 
126 
 
Granstrand, O. (1998). "Towards a theory of the technology-based firm." 
Research policy 27(5): 465-489. 
Granstrand, O. (2000). The economics and management of intellectual 
property: towards intellectual capitalism, Edward Elgar. 
Granstrand, O. and M. Holgersson (2013). "Managing the Intellectual Property 
Disassembly Problem." California Management Review 55(4): 184-210. 
Granstrand, O. and M. Holgersson (2014). "The challenge of closing open 
innovation: the intellectual property disassembly problem: disentangling IP at 
the closure of an open innovation project can present complex challenges." 
Research-Technology Management 57(5): 19. 
Granstrand, O. and C. Oskarsson (1994). "Technology diversification in 
"MUL-TECH" corporations." IEEE Transactions on Engineering Management 
41(4): 355-364. 
Grant, R. M. (1988). "On 'Dominant Logic', Relatedness and the Link between 
Diversity and Performance." Strategic Management Journal 9(6): 639-642. 
Grant, R. M. (1996a). "Toward a Knowledge-Based Theory of the Firm." 
Strategic Management Journal 17(S2): 109-122. 
Grant, R. M. (1996b). "Prospering in Dynamically-Competitive Environments: 
Organizational Capability as Knowledge Integration." Organization Science 
7(4): 375-387. 
Green, J. R. (1995). "On the division of profit in sequential innovation." The 
Rand journal of economics 26(1): 20-33. 
Griliches, Z. (1990). "Patent statistics as economic indicators - a survey." 
Journal of Economic Literature 28(4): 1661-1707. 
Grindley, P. C. and D. J. Teece (1997). "Managing intellectual capital: 
Licensing and cross-licensing in semiconductors and electronics." California 
Management Review 39(2): 8-41. 
Gulati, R. (1995a). "Social Structure and Alliance Formation Patterns: A 
Longitudinal Analysis." Administrative Science Quarterly 40(4): 619-652. 
Gulati, R. (1995b). "Does Familiarity Breed Trust? The Implications of 
Repeated Ties for Contractual Choice in Alliances." The Academy of 
Management Journal 38(1): 85-112. 
Hagedoorn, J. (1993). "Understanding the Rationale of Strategic Technology 
Partnering: Interorganizational Modes of Cooperation and Sectoral 
Differences." Strategic Management Journal 14(5): 371-385. 
Hall, B. H., A. Jaffe and M. Trajtenberg (2005). "Market Value and Patent 
Citations." The RAND Journal of Economics 36(1): 16-38. 
127 
 
Hall, B. H., A. B. Jaffe and M. Trajtenberg (2001). The NBER Patent Citation 
Data File: Lessons, Insights and Methodological Tools. 
Hall, B. H. and R. H. Ziedonis (2001). "The Patent Paradox Revisited: An 
Empirical Study of Patenting in the U.S. Semiconductor Industry, 1979-1995." 
The RAND Journal of Economics 32(1): 101-128. 
Hamel, G. (1991). "Competition for Competence and Inter-Partner Learning 
Within International Strategic Alliances." Strategic Management Journal 
12(SPEISS): 83-103. 
Hamel, G., Y. L. Doz and C. K. Prahalad (1989). Collaborate with your 
competitors - and win. BOULDER, HARVARD BUSINESS REVIEW. 67: 
133-139. 
Han, Y. J. (2015). "Analysis of essential patent portfolios via bibliometric 
mapping: an illustration of leading firms in the 4G era." Technology Analysis 
& Strategic Management 27(7): 809-839. 
Hanel, P. (2006). "Intellectual property rights business management practices: 
A survey of the literature." Technovation 26(8): 895-931. 
Hardin, G. (1968). "The Tragedy of the Commons." Science 162(3859): 1243-
1248. 
Hargadon, A. and R. I. Sutton (1997). "Technology Brokering and Innovation 
in a Product Development Firm." Administrative Science Quarterly 42(4): 
716-749. 
Harhoff, D., F. Narin, F. M. Scherer and K. Vopel (1999). "Citation frequency 
and the value of patented inventions." Review of Economics and Statistics 
81(3): 511-515. 
Harhoff, D., F. M. Scherer and K. Vopel (2003). "Citations, family size, 
opposition and the value of patent rights." Research Policy 32(8): 1343-1363. 
Harrison, S. S., P. H. Sullivan and J. L. Davis (2012). Edison in the boardroom 
revisited: how leading companies realize value from their intellectual property. 
Hoboken, NJ, Wiley. 
Heller, M. A. and R. S. Eisenberg (1998). "Can patents deter innovation? The 
anticommons in biomedical research." Science 280(5364): 698-701. 
Helmers, C. and M. Rogers (2011). "Does patenting help high-tech start-ups?" 
Research Policy 40(7): 1016-1027. 
Henderson, R. M. and K. B. Clark (1990). "Architectural Innovation: The 
Reconfiguration of Existing Product Technologies and the Failure of 
Established Firms." Administrative Science Quarterly 35(1): 9-30. 
128 
 
Hoenig, D. and J. Henkel (2015). "Quality signals? The role of patents, 
alliances, and team experience in venture capital financing." Research Policy 
44(5): 1049-1064. 
Hoskisson, R. E. and M. A. Hitt (1990). "Antecedents and Performance 
Outcomes of Diversification: A Review and Critique of Theoretical 
Perspectives." Journal of Management 16(2): 461-509. 
Hsu, D. H. and K. Lim (2006). "The Antecedents and Innovation 
Consequences of Organizational Knowledge Brokering Capability." IPRIA & 
Wharton working paper. Available at: http://works.bepress.com/kwanghui/5. 
Huang, K. G. and F. E. Murray (2009). "Does Patent Strategy Shape the Long-
Run Supply of Public Knowledge? Evidence from Human Genetics." The 
Academy of Management Journal 52(6): 1193-1221. 
Huang, M. C., S. C. Fang and S. C. Chang (2011). "Tracking R&D behavior: 
bibliometric analysis of drug patents in the Orange Book." Scientometrics 
88(3): 805-818. 
Hughes, L. and P. Y. Lipscy (2013). "The Politics of Energy." Annual Review 
of Political Science 16(1): 449-469. 
Inkpen, A. C. (2000). "Learning Through Joint Ventures: A Framework Of 
Knowledge Acquisition." Journal of Management Studies 37(7): 1019-1044. 
Inkpen, A. C. and A. Dinur (1998). "Knowledge Management Processes and 
International Joint Ventures." Organization Science 9(4): 454-468. 
Jaffe, A. B. (1986). "Technological Opportunity and Spillovers of R&D: 
Evidence from Firms' Patents, Profits, and Market Value." The American 
Economic Review 76(5): 984. 
Jaffe, A. B. (1989). "Characterizing the “technological position” of firms, with 
application to quantifying technological opportunity and research spillovers." 
Research Policy 18(2): 87-97. 
Jaffe, A. B. a. L., Joshua (2004). "Innovation and its discontents: how our 
broken patent system is endangering innovation and progress, and what to do 
about it." 
Jarneving, B. (2005). "A comparison of two bibliometric methods for mapping 
of the research front." Scientometrics 65(2): 245-263. 
Jones, G. R. and C. W. Hill (1988). "Transaction cost analysis of strategy - 
structure choice." Strategic Management Journal (1986-1998) 9(2): 159. 
Kamada, T. and S. Kawai (1989). "An algorithm for drawing general 
undirected graphs." Information Processing Letters 31(1): 7-15. 
Kamien, M. I. (1992). "HANDBOOK OF GAME-THEORY WITH 
ECONOMIC APPLICATIONS, VOL 1."  1(1): 331. 
129 
 
Kamien, M. I., S. S. Oren and Y. Tauman (1992). "OPTIMAL LICENSING 
OF COST-REDUCING INNOVATION." Journal of Mathematical Economics 
21(5): 483-508. 
Kamien, M. I. and Y. Tauman (1986). "FEES VERSUS ROYALTIES AND 
THE PRIVATE VALUE OF A PATENT." Quarterly Journal of Economics 
101(3): 471-491. 
Katila, R. and G. Ahuja (2002). "Something Old, Something New: A 
Longitudinal Study of Search Behavior and New Product Introduction." The 
Academy of Management Journal 45(6): 1183-1194. 
Katz, M. L. and C. Shapiro (1985). "ON THE LICENSING OF 
INNOVATIONS." Rand Journal of Economics 16(4): 504-520. 
Katz, M. L. and C. Shapiro (1986). "HOW TO LICENSE INTANGIBLE 
PROPERTY." Quarterly Journal of Economics 101(3): 567-589. 
Kessler, M. (1963a). "An experimental study of bibliographic coupling 
between technical papers." IEEE Transactions on Information Theory 9(1): 
49-51. 
Kessler, M. M. (1963b). "Bibliographic Coupling Between Scientific Papers." 
American Documentation (pre-1986) 14(1): 10. 
Kim, J., C.-Y. Lee and Y. Cho (2016). "Technological diversification, core-
technology competence, and firm growth." Research Policy 45(1): 113-124. 
Kitch, E. W. (1977). "NATURE AND FUNCTION OF PATENT SYSTEM." 
Journal of Law & Economics 20(2): 265-290. 
Knight, H. J. (2001). Patent strategy for researchers and research managers. 
New York, J. Wiley & Sons. 
Kodama, F. (1986). "Technological Diversification of Japanese Industry." 
Science 233(4761): 291-296. 
Kodama, F. (1992). Technology fusion and the new R&D. Boston, Harvard 
Business School Press. 70: 70. 
Kogut, B. (1988). "JOINT VENTURES: THEORETICAL AND EMPIRICAL 
PERSPECTIVES." Strategic Management Journal (1986-1998) 9(4): 319. 
Kogut, B. and U. Zander (1992). "Knowledge of the Firm, Combinative 
Capabilities, and the Replication of Technology." Organization Science 3(3): 
383-397. 
Landes, W. M. and R. A. Posner (1989). "AN ECONOMIC-ANALYSIS OF 
COPYRIGHT LAW." Journal of Legal Studies 18(2): 325-363. 
Lane, P. J. and M. Lubatkin (1998). "Relative Absorptive Capacity and 
Interorganizational Learning." Strategic Management Journal 19(5): 461-477. 
130 
 
Lang, L. H. P. and R. M. Stulz (1994). "Tobin's q, Corporate Diversification, 
and Firm Performance." The Journal of Political Economy 102(6): 1248. 
Lanjouw, J. O. and M. Schankerman (2001). "Characteristics of patent 
litigation: a window on competition." Rand Journal of Economics 32(1): 129-
151. 
Lanjouw, Jean O. and M. Schankerman (2004). "Protecting Intellectual 
Property Rights: Are Small Firms Handicapped?" The Journal of Law & 
Economics 47(1): 45-74. 
Lecraw, D. J. (1984). "Diversification Strategy and Performance." The Journal 
of Industrial Economics 33(2): 179. 
Leiponen, A. and J. Byma (2009). "If you cannot block, you better run: Small 
firms, cooperative innovation, and appropriation strategies." Research Policy 
38(9): 1478-1488. 
Lemley, M. A. (1995). "INTELLECTUAL PROPERTY AND 
SHRINKWRAP LICENSES." Southern California Law Review 68(5): 1239-
1294. 
Lemley, M. A. (1997). "The economics of improvement in intellectual 
property law." Texas Law Review 75(5): 989-1084. 
Lemley, M. A. and C. Shapiro (2007). "Patent holdup and royalty stacking." 
Texas Law Review 85(7): 1991-2049. 
Leong, S. M. (1989). "A Citation Analysis of the Journal of Consumer 
Research." Journal of Consumer Research 15(4): 492-497. 
Lerner, J. (1994). "The Importance of Patent Scope: An Empirical Analysis." 
The RAND Journal of Economics 25(2): 319-333. 
Lerner, J. and A. Jaffe (2001). "Reinventing Public R&D: Patent Policy and 
the Commercialization of National Laboratory Technologies." RAND Journal 
of Economics 32(1): 167-198. 
Leten, B., R. Belderbos and B. Van Looy (2007). "Technological 
Diversification, Coherence, and Performance of Firms." Journal of Product 
Innovation Management 24(6): 567-579. 
Levin, R. C., A. K. Klevorick, R. R. Nelson and S. G. Winter (1987). 
"APPROPRIATING THE RETURNS FROM INDUSTRIAL-RESEARCH 
AND DEVELOPMENT." Brookings Papers on Economic Activity(3): 783-
831. 
Leydesdorff, L. and L. Vaughan (2006). "Co-occurrence matrices and their 
applications in information science: Extending ACA to the Web 
environment." Journal of the American Society for Information Science and 
Technology 57(12): 1616-1628. 
131 
 
Lim, E. N.-K., S. S. Das and A. Das (2009). "Diversification Strategy, Capital 
Structure, and the Asian Financial Crisis (1997-1998): Evidence from 
Singapore Firms." Strategic Management Journal 30(6): 577-594. 
Lim, K. (2004). "The relationship between research and innovation in the 
semiconductor and pharmaceutical industries (1981–1997)." Research Policy 
33(2): 287-321. 
Lin, B.-W., C.-J. Chen and H.-L. Wu (2006). "Patent portfolio diversity, 
technology strategy, and firm value." IEEE Transactions on Engineering 
Management 53(1): 17-26. 
Lindsey, D. (1989). "Using citation counts as a. measure of quality in science 
measuring what's measurable rather than what's valid." Scientometrics 15(3-
4): 189-203. 
Lins, K. and H. Servaes (1999). "International Evidence on the Value of 
Corporate Diversification." The Journal of Finance 54(6): 2215-2239. 
MacDonald, J. M. (1985). "R&D and the directions of diversification." 
Review of Economics and Statistics 67(4): 583. 
Mann, R. J. and T. W. Sager (2007). "Patents, venture capital, and software 
start-ups." Research Policy 36(2): 193-208. 
Mansfield, E. (1986). "PATENTS AND INNOVATION: AN EMPIRICAL 
STUDY." Management Science (1986-1998) 32(2): 173. 
Mansfield, E., M. Schwartz and S. Wagner (1981). "Imitation Costs and 
Patents: An Empirical Study." The Economic Journal 91(364): 907. 
March, J. G. (1991). "Exploration and Exploitation in Organizational 
Learning." Organization Science 2(1): 71-87. 
March, J. G. and H. A. Simon (1958). "Organizations." 
Markides, C. C. and P. J. Williamson (1994). "Related Diversification, Core 
Competencies and Corporate Performance." Strategic Management Journal 
15: 149-165. 
Mazzoleni, R. and R. R. Nelson (1998). "The benefits and costs of strong 
patent protection: a contribution to the current debate." Research Policy 27(3): 
273-284. 
Merges, R. P. and R. R. Nelson (1990). "ON THE COMPLEX ECONOMICS 
OF PATENT SCOPE." Columbia Law Review 90(4): 839-916. 
Miller, D. J. (2006). "Technological Diversity, Related Diversification, and 
Firm Performance." Strategic Management Journal 27(7): 601-619. 
132 
 
Mowery, D. C., J. E. Oxley and B. S. Silverman (1996). "Strategic Alliances 
and Interfirm Knowledge Transfer." Strategic Management Journal 17(S2): 
77-91. 
Mowery, D. C., J. E. Oxley and B. S. Silverman (1998). "Technological 
overlap and interfirm cooperation: implications for the resource-based view of 
the firm." Research Policy 27(5): 507-523. 
Nag, R., D. C. Hambrick and M. J. Chen (2007). "What is strategic 
management, really? Inductive derivation of a consensus definition of the 
field." Strategic Management Journal 28(9): 935-955. 
Narin, F., E. Noma and R. Perry (1993). "Patents as indicators of corporate 
technological strength." Research Policy 22(2): 108-108. 
Nelson, A. J. (2009). "Measuring knowledge spillovers: What patents, licenses 
and publications reveal about innovation diffusion." Research Policy 38(6): 
994-1005. 
Nelson, R. R. (1959). "The Simple Economics of Basic Scientific Research." 
Journal of Political Economy 67(3): 297-306. 
Nelson, R. R. and S. G. Winter (1982). An evolutionary theory of economic 
change. Cambridge, Mass, Belknap Press of Harvard University Press. 
Nesta, L. and P. P. Saviotti (2005). "Coherence of the Knowledge Base and 
the Firm's Innovative Performance: Evidence from the U.S. Pharmaceutical 
Industry." The Journal of Industrial Economics 53(1): 123-142. 
Nishimura, J. and Y. Okada (2014). "R&D portfolios and pharmaceutical 
licensing." Research Policy 43(7): 1250-1263. 
Nooteboom, B. (1999). Inter-firm alliances: analysis and design. London, 
Routledge. 
Nooteboom, B., W. Van Haverbeke, G. Duysters, V. Gilsing and A. van den 
Oord (2007). "Optimal cognitive distance and absorptive capacity." Research 
Policy 36(7): 1016-1034. 
Nordhaus, W. D. (1969). "Invention, growth, and welfare: a theoretical 
treatment of technological change." M.I.T. monographs in economics 10(xiv): 
168. 
O'Brien, J. P., P. David, T. Yoshikawa and A. Delios (2014). "How capital 
structure influences diversification performance: A transaction cost 
perspective: Capital Structure, Diversification, and TCE." Strategic 
Management Journal 35(7): 1013-1031. 
Olander, H., P. I. A. Hurmelinna-Laukkanen and J. MÄHÖNen (2009). 
"WHAT'S SMALL SIZE GOT TO DO WITH IT? PROTECTION OF 
INTELLECTUAL ASSETS IN SMEs." International Journal of Innovation 
Management 13(3): 349-370. 
133 
 
Olsson, H. and D. H. McQueen (2000). "Factors influencing patenting in small 
computer software producing companies." Technovation 20(10): 563-576. 
Palepu, K. (1985). "Diversification Strategy, Profit Performance and the 
Entropy Measure." Strategic Management Journal 6(3): 239. 
Palich, L. E., L. B. Cardinal and C. C. Miller (2000). "Curvilinearity in the 
Diversification-Performance Linkage: An Examination of over Three Decades 
of Research." Strategic Management Journal 21(2): 155-174. 
Parchomovsky, G. and R. P. Wagner (2005). "Patent Portfolios." University of 
Pennsylvania Law Review 154(1): 1-77. 
Park, I., Y. Jeong, B. Yoon and L. Mortara (2015). "Exploring potential R&D 
collaboration partners through patent analysis based on bibliographic coupling 
and latent semantic analysis." Technology Analysis & Strategic Management 
27(7): 759-781. 
Persson, O. D., R. Danell, J. Wiborg Schneider (2009). "How to use Bibexcel 
for various types of bibliometric analysis. In Celebrating scholarly 
communication studies: A Festschrift for Olle Persson at his 60th Birthday, ed. 
F. Åström, R. Danell, B. Larsen, J. Schneider, p 9–24. Leuven, Belgium: 
International Society for Scientometrics and Informetrics. ." 
Peters, H. P. F., R. R. Braam and A. F. J. v. Raan (1995). "Cognitive 
Resemblance and Citation Relations in Chemical Engineering Publications." 
Journal of the American Society for Information Science (1986-1998) 46(1): 
9-21. 
Petruzzelli, A. M. (2011). "The impact of technological relatedness, prior ties, 
and geographical distance on university–industry collaborations: A joint-
patent analysis." Technovation 31(7): 309-319. 
Phelps, C. C. (2010). "A LONGITUDINAL STUDY OF THE INFLUENCE 
OF ALLIANCE NETWORK STRUCTURE AND COMPOSITION ON 
FIRM EXPLORATORY INNOVATION." The Academy of Management 
Journal 53(4): 890-913. 
PhRMA (2015). "Drug discovery and development (downloaded on 13 May 
2016 from 
http://www.phrma.org/sites/default/files/pdf/rd_brochure_022307.pdf)." 
Pilkington, A. and J. Meredith (2009). "The evolution of the intellectual 
structure of operations management-1980-2006: A citation/co-citation 
analysis." Journal of Operations Management 27(3): 185-202. 
Porter, M. E. (1985). Competitive advantage: creating and sustaining superior 
performance. New York;London;, Free Press. 
Powell, W. W., K. W. Kogut and L. Smith-Doerr (1996). "Interorganizational 
Collaboration and the Locus of Innovation: Networks of Learning in 
Biotechnology." Administrative Science Quarterly 41(1): 116-145. 
134 
 
Prahalad, C. K. and G. Hamel (1990). "THE CORE COMPETENCE OF THE 
CORPORATION." Harvard Business Review 68(3): 79-91. 
Pritchard, A. (1969). "Statistical bibliography or bibliometrics." Journal of 
documentation 25: 348. 
Qian, G. (2002). "Multinationality, product diversification, and profitability of 
emerging US small- and medium-sized enterprises." Journal of Business 
Venturing 17(6): 611-633. 
Rajan, R., H. Servaes and L. Zingales (2000). "The Cost of Diversity: The 
Diversification Discount and Inefficient Investment." The Journal of Finance 
55(1): 35-80. 
Ramanujam, V. and P. Varadarajan (1989). "Research on Corporate 
Diversification: A Synthesis." Strategic Management Journal 10(6): 523-551. 
Ramos-Rodriguez, A. R. and J. Ruiz-Navarro (2004). "Changes in the 
intellectual structure of strategic management research: A bibliometric study 
of the Strategic Management Journal, 1980-2000." Strategic Management 
Journal 25(10): 981-1004. 
Robins, J. A. and M. F. Wiersema (2003). "The Measurement of Corporate 
Portfolio Strategy: Analysis of the Content Validity of Related Diversification 
Indexes." Strategic Management Journal 24(1): 39-59. 
Rosenkopf, L. and P. Almeida (2003). "Overcoming Local Search Through 
Alliances and Mobility." Management Science 49(6): 751-766. 
Rosenkopf, L. and A. Nerkar (2001). "Beyond Local Search: Boundary-
Spanning, Exploration, and Impact in the Optical Disk Industry." Strategic 
Management Journal 22(4): 287-306. 
Rothaermel, F. T. (2002). "Technological discontinuities and interfirm 
cooperation: what determines a startup's attractiveness as alliance partner?" 
IEEE Transactions on Engineering Management 49(4): 388-397. 
Rowley, T., D. Behrens and D. Krackhardt (2000). "Redundant Governance 
Structures: An Analysis of Structural and Relational Embeddedness in the 
Steel and Semiconductor Industries." Strategic Management Journal 21(3): 
369-386. 
Rumelt, R. P. (1974). Strategy, structure, and economic performance. 
Cambridge, Mass;Boston;, Division of Research, Graduate School of Business 
Administration, Harvard University. 
Rumelt, R. P. (1982). "Diversification Strategy and Profitability." Strategic 
Management Journal 3(4): 359-369. 
Sampson, R. C. (2007). "R&D Alliances and Firm Performance: The Impact 
of Technological Diversity and Alliance Organization on Innovation." The 
Academy of Management Journal 50(2): 364-386. 
135 
 
Samuelson, P., R. Davis, M. D. Kapor and J. H. Reichman (1994). "A 
MANIFESTO CONCERNING THE LEGAL PROTECTION OF 
COMPUTER-PROGRAMS." Columbia Law Review 94(8): 2308-2431. 
Scherer, F. M. (1999). New perspectives on economic growth and 
technological innovation. Washington, D.C, Brookings Institution. 
Schildt, H., T. Keil and M. Maula (2012). "The temporal effects of relative 
and firm‐level absorptive capacity on interorganizational learning." Strategic 
Management Journal 33(10): 1154-1173. 
Schumpeter, J. A. (1939). Business cycles, Cambridge Univ Press. 
Scotchmer, S. (1991). "STANDING ON THE SHOULDERS OF GIANTS - 
CUMULATIVE RESEARCH AND THE PATENT-LAW." Journal of 
Economic Perspectives 5(1): 29-41. 
Shan, W., G. Walker and B. Kogut (1994). "Interfirm Cooperation and Startup 
Innovation in the Biotechnology Industry." Strategic Management Journal 
15(5): 387-394. 
Shapiro, C. (2000). "Navigating the Patent Thicket: Cross Licenses, Patent 
Pools, and Standard Setting." Chapter in NBER book Innovation Policy and 
the Economy, MIT Press Volume 1: P119-150. 
Shin, J. and D. Jalajas (2010). "Technological relatedness, boundary-spanning 
combination of knowledge and the impact of innovation: Evidence of an 
inverted-U relationship." Journal of High Technology Management Research 
21(2): 87-96. 
Siebert, R. and G. von Graevenitz (2010). "Jostling for advantage or not: 
Choosing between patent portfolio races and ex ante licensing." Journal of 
Economic Behavior and Organization 73(2): 225-245. 
Singh, H. and C. A. Montgomery (1987). "Corporate Acquisition Strategies 
and Economic Performance." Strategic Management Journal 8(4): 377. 
Small, H. (1973). "CO-CITATION IN THE SCIENTIFIC LITERATURE: A 
NEW MEASURE OF THE RELATIONSHIP BETWEEN TWO 
DOCUMENTS." Journal of the American Society for Information Science 
24(4): 265-269. 
Somaya, D. (2012). "Patent Strategy and Management: An Integrative Review 
and Research Agenda." Journal of Management 38(4): 1084-1114. 
Srinivasan, R., G. L. Lilien and A. Rangaswamy (2008). "Survival of high 
tech firms: The effects of diversity of product–market portfolios, patents, and 
trademarks." International Journal of Research in Marketing 25(2): 119-128. 
Sternitzke, C. (2013). "An exploratory analysis of patent fencing in 




Stuart, T. E. (1998). "Network Positions and Propensities to Collaborate: An 
Investigation of Strategic Alliance Formation in a High-Technology Industry." 
Administrative Science Quarterly 43(3): 668-698. 
Stuart, T. E., H. Hoang and R. C. Hybels (1999). "Interorganizational 
Endorsements and the Performance of Entrepreneurial Ventures." 
Administrative Science Quarterly 44(2): 315-349. 
Stuart, T. E. and J. M. Podolny (1996). "Local Search and the Evolution of 
Technological Capabilities." Strategic Management Journal 17(S1): 21-38. 
Subramanian, A. M. (2012). "A longitudinal study of the influence of 
intellectual human capital on firm exploratory innovation." IEEE Transactions 
on Engineering Management 59(4): 540-550. 
Subramanian, A. M., K. Lim and P.-H. Soh (2013). "When birds of a feather 
don't flock together: Different scientists and the roles they play in biotech 
R&D alliances." Research Policy 42(3): 595. 
Suzuki, J. and F. Kodama (2004). "Technological diversity of persistent 
innovators in Japan: Two case studies of large Japanese firms." Research 
Policy 33(3): 531-549. 
Swain, D. K. and K. Panda (2012). "Journal of Intellectual Property Rights, 
2002-2010: a bibliometric study." Chinese Librarianship: an International 
Electronic Journal 33. 
Taylor, C. T., Silberston, Z. A. (1973). "The economic impact of the patent 
system: A study of the British experience."  Taylor, C. T., Silberston, Z. A.: 
408. 
Teece, D. J. (1982). "Towards an economic theory of the multiproduct firm." 
Journal of Economic Behavior and Organization 3(1): 39-63. 
Teece, D. J. (1986). "Profiting from technological innovation: Implications for 
integration, collaboration, licensing and public policy." Research Policy 15(6): 
285-305. 
Teece, D. J., S. Winter, R. Rumelt and G. Dosi (1994). "Understanding 
corporate coherence: Theory and evidence." Journal of Economic Behavior & 
Organization 23(1): 1-30. 
Thompson, P. and M. Fox-Kean (2005). "Patent Citations and the Geography 
of Knowledge Spillovers: A Reassessment." The American Economic Review 
95(1): 450-460. 
Trajtenberg, M. (1990). "A Penny for Your Quotes: Patent Citations and the 
Value of Innovations." The RAND Journal of Economics 21(1): 172-187. 
V. Batagelj, A. M. "Pajek – Program for Large Network Analysis.". 
137 
 
Wang, X. H. (1998). "Fee versus royalty licensing in a Cournot duopoly 
model." Economics Letters 60(1): 55-62. 
White, H. D. and B. C. Griffith (1981). "AUTHOR COCITATION - A 
LITERATURE MEASURE OF INTELLECTUAL STRUCTURE." Journal of 
the American Society for Information Science 32(3): 163-171. 
White, H. D. and K. W. McCain (1998). "Visualizing a discipline: An author 
co-citation analysis of information science, 1972-1995." Journal of the 
American Society for Information Science 49(4): 327-355. 
Wuyts, S., M. G. Colombo, S. Dutta and B. Nooteboom (2005). "Empirical 
tests of optimal cognitive distance." Journal of Economic Behavior and 
Organization 58(2): 277-302. 
Yayavaram, S. and G. Ahuja (2008). "Decomposability in Knowledge 
Structures and Its Impact on the Usefulness of Inventions and Knowledge-
Base Malleability." Administrative Science Quarterly 53(2): 333-362. 
Yayavaram, S. and W.-R. Chen (2015). "Changes in firm knowledge 
couplings and firm innovation performance: The moderating role of 
technological complexity: Changes in Knowledge Couplings and Innovation 
Performance." Strategic Management Journal 36(3): 377-396. 
Zahra, S. A. and G. George (2002). "Absorptive Capacity: A Review, 
Reconceptualization, and Extension." The Academy of Management Review 
27(2): 185-203. 
Ziedonis, R. H. (2004). "Don't Fence Me In: Fragmented Markets for 
Technology and the Patent Acquisition Strategies of Firms." Management 
Science 50(6): 804-820. 
 
 
